1PFEC:  :    RAOE  AN:  TMENTS  ON  CERTAIN 

PHYSICAL  A  CAL  PliOPl  RTIES   OF  PLOUR 


by 


RICHARD  GENERAL  I 


B.   3.»   St.   Benedicts  Colleea,   1941 


A  TBBZI 


■ubmitted  In  partial  fulfillment  of  the 
requirements  for  the  degree 
MM      0   I 
D«i-artiuent  of  I  lour  and  Feed  Milling  Industries 


KANSAS  STATE  C(  LLKCE 
OF  AGRICULTURE  AND  APPLIED  3CIENCE 


1968 


1 

Docur 

n 

t?S2 

Hlf                    ■                       TABLE  OP  COHTEBT3 
C<2- 

&■ 

(5 

e 

IHTRODUCTIOH 

1 

LITERATURE  AKD  HISTORICAL  Rl  ' 

Physical  Dough  Testers     . 

2 

2 

Chemical  Testa   .... 

24 

SCO:-          ti  ■  • 

50 

MAT            EOOB      ... 

32 

The  rarinograph  .... 

32 

The  Extensograph 

58 

Storage  Study    .... 

47 

Zeleny  Sedimentation  r.tudy 

51 

Zeleny  rhotometrlc  Protein  Study 

53 

Sodium  Chloride  Study      . 

53 

Potassium  Bromate  Study    .    .    , 

54 

Ball-milled  Flour  Study 

56 

Comparison  Study  Eetwoen  Farlnograph  i 
Swans  on  I'lxers  ..... 

md  He 

>bart- 

57 

"A"  Flour-Hydrochloric  Acid  Study    . 

58 

"A"  Flour-Acetio  Acid  :tudy     .    . 

58 

Storage-Acid-Base  Study    .    .    , 

59 

Hydrogen  Sulfide  Study     .    . 

59 

Absorption-Storage  Study   .    .    . 

61 

Dou^h  Handling  Characteristics  .    . 

61 

EXPERIMENTAL  RESULTS   ..... 

63 

Preliminary  Studies   .... 

63 

m 

... 


Determination  of  Optimum  Absorption  and  Mixing 
Time  for  Flour  Used  in  Storace  Study 


Storage  Study  .  .  • 
Zeleny  Sedimentation  Study  • 
Zeleny  Photometric  Protein  Study 
Sodium  Chloride  Study  •  • 
Potassium  Bromate  Study  • 
Ball-milled  Flour  Study     • 


Comparison  Study  between  Farinograph  a.-.J  Eobart- 
:;*anoon  illxerj   .... 


"A"  Hour  Hydrochloric  Acid  r.tudy 
"A"  Flour  Acetic  Acid  Study 
Stora^o-Acid-Base  Study     .    . 
Hydrogen  Sulfide  Study      .    . 
Absorption-Storage  Study    .    . 
Dough  Handling  Characteristics   . 

DISC.  3  . 

ACKNOWLEDGE.:.".^ 

BIBLIOGRAPHY  

on 


66 

67 
33 
86 
89 
95 
138 

142 
151 
157 
161 
173 
180 
103 
193 
235 
236 
240 


INTRODUCTION 

Flour  technologists  hove  Ion,  sought  satisfactory  physical 
and  chemical  methods  for  the  evaluation  of  flour.  Theirs  la  an 
immediate  ,;oal,  a  test  for  flour  quality;  but  there  are  othars 
who  are  Interested  In  the  more  fundamental  aspects  of  flour 
behavior.   Organic  chemists  are  interested  in  the  structure  of 
protein  and  of  storch--lndeedt  one  of  the  enticing  problems  of 
biochemistry  is  protein  structural  specificity.   Such  studies 
frequently  involve  flour  because  here  is  an  Ideal  natural 
product  from  the  structural  point  of  view  and  one  which  is  prob- 
ably unsurpassed  in  complexity  and  in  the  number  of  specific 
characteristics  of  Its  protein.   Flour  is  a  rich  source  for 
investigations  In  both  "applied"  and  "puro"  aclenco. 

.One  of  tho  fundamental  problems  facing  both  the  technolo- 
gist and  the  theoretical  chemist  in  tho  interpretation  of  his 
data  is  tho  effect  of  storage  upon  tho  flour  with  which  ho  is 
working  since  t/;is  13  a  variable  ha  cannot  escape.   Possibili- 
ties for  the  study  of  this  subject  are  far  frora  exhausted. 

In  the  field  of  cereal  chemistry,  evaluation  of  flour 
quality  has  nearly  always  Involved  tho  experimental  bake.   If 
a  shorter,  less  expensive,  less  arbitrary  adjunct  to  the  ex- 
perimental bake  could  be  developed,  It  would  be  helpful  to  the 
flour  technologist.   One  of  the  objectives  of  this  work  was 
to  dovelop  furinograph  and  extensor,  ram  evaluation  methods  not 
strictly  confined  to  flour-water  and  flour-water-salt  doughs, 
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without  dealing  with  fermenting  doujhs — for  the  action  of 
fermentation  upon  protein  structure  Is  ilka  scrambling  a  com- 
pleted Jig  saw  puzzle.  i.lth  this  In  mind  flour  was  stored  in 
various  atmospheres  and  at  different  temperatures,  mixed  in 
different  gaseous  atmospheres,  and  mixed  with  various  reagents 
such  as  NaCl,  KBrOj,  HCl.  CHjCOOH,  and  NH^OH,  the  purpose 
belnt;  to  find  practical  adjuncts  to  farlnograph  and  extenso- 
graph  procedure. 

LITERATURE  AND  HISTORICAL  REVIEW 

This  review,  by  no  moans  exhaustive,  cites  some  of  the 
literature  pertinent  to  the  experimental  work  in  this  thesis. 
The  chapter  is  subdivided  under  the  headings  Physical  Dough 
Testers  and  Chemical  Tests. 

Physical  Dough  Testers 

A  number  and  variety  of  instruments  for  physically  testing 
wheat  flour  doughs  have  been  devised.   One  of  the  earliest  de- 
vices for  determining  the  physical  properties  of  douj^h  was  the 
aleurometer  invented  by  Eoland  In  1848  to  measure  the  expan- 
sibility of  gluten.   Tho  farinometer  Invented  by  Kunis  in  1891, 
and  Foster's  gluten  tester  in  1898  are  devices  based  on  tho 
principle  of  tho  aleurometer.   Other  early  devices  are  Kedzle's 
farinometer,  the  viscometer  of  Jago,  the  perfekdo  of  Brlggs,  and 
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the  device  of  Henderson  et  al.  (11). 

The  various  Instruments  may  be  classified  either  upon  the 
mechanical  principle  governing  the  operation  of  the  instrument, 
or  upon  the  kind  of  work  it  does  upon  the  dough.  Some  of  the 
instruments,  such  as  the  Hogarth  mixer  with  recording  dyamora- 
eter,  the  Hankoeiy-Brabender  farlnograph  and  valorlgraph,  and 
the  swanson-Y/orkln;;  mixograph,  are  recording  dough  mixers. 
Other  instruments,  such  as  the  alveograph,  the  extensograph, 
the  Buehler  comparator,  the  Rejto  Zerrissmaschine,  the  Naszali 
alphitograph,  the  Boraslo  and  de  !'<ege  pneumodyamometor,  the 
Schofield  and  Scott-Blair  apparatus,  and  the  Halton  and  Fischer 
apparatus,  are  concerned  with  the  effort  to  measure  resistance 
to  extension. 

Various  othor  mechanical  testing  systems  not  directly 
related  to  the  two  foregoing  types  have  been  applied  to  dough. 
These  include  the  scheme  used  by  Schofield  and  Scott-Blair  for 
measuring  rigidity  modulus  or  elasticity,  the  pachlmeter  for  a 
somewhat  related  application,  Kosutany's  Belaatungsprobe, 
Engledow's  di s tons iome tor,  and  others. 

The  Alveograph.  Bailey  an,'.  LeVesconte  (3)  believed  that 
the  alvoojraph  readings  afford  a  useful  index  of  the  extensi- 
bility of  a  dough  and  are  of  value  as  an  indication  of  the 
strength  or  baking  value  of  a  flour,  giving  in  one  simple  and 
rapid  test  the  result  of  the  several  factors  that  may  affect 
the  extensibility. 

Bailey  and  LeVesoonto  (3)  found  that  prolonged  mechanical 


treatment  of  a  dough  decreased  the  extensibility*  probably, 
they  thought,  because  of  an  Increase  in  the  degree  of  dis- 
persion of  the  oolloldal  particles,  v.ater  added  to  ordinary 
bread  dough  tended  to  make  it  more  extensible,  less  tenacious 
and  more  easily  stretched.  After  reaching  an  optimum  absorp- 
tion, the  dough  became  less  extensible.   Starch  mixed  with  a 
flour  decreased  the  extensibility  of  the  dough  appreciably,  in- 
dicating that  the  quantity  of  gluten  in  a  flour  13  an  important 
factor  in  determining  flour  strength. 

Hydrogen-ion  concentration,  they  found,  was  a  factor  in 
determining  the  extensibility  of  dough.   At  approximately  pH  6, 
the  dough  was  most  extensible,  and  below  a  pH  5  or  above  a  pH  7, 
the  extensibility  was  greatly  lowered. 

Chlorine  treatment  of  the  flours,  according  to  Bailey  and 
LeVeaconte  (3),  tended  to  decrease  slightly  the  elasticity  of 
the  dough,  probably  because  it  increased  the  hydrogen-ion  con- 
centration, although  it  may  be  of  value  in  increasing  the  baking 
value  because  of  accelerated  enzyme  activity. 

Flour  Improvers,  they  found,  are  primarily  yeast  foods  and 
do  not  necessarily  increase  the  strength  of  a  flour.   Calcium 
acid  phosphate  tended  to  increase  the  extensibility  of  a  dough, 
phosphoric  acid  decreased  it  only  slightly  in  the  proportions 
used. 

Johnson  (12)  found  that  the  extensibility  of  ether-extract- 
ed flours  was  slightly  lower  than  that  of  t:.e  corresponding 
natural  flours,  but  that  absorption  and  wet  and  dry  gluten  were 


not  affected.  Treatment  of  the  flour  with  70  percent  alcohol 
or  with  96  percent  alcohol  markedly  lowered  Its  quality  for 
bread  making  and  reduced  lta  extensibility.  Treatment  of  the 
flour  with  water  did  not  notably  affect  its  properties  for 
breadmaking  but  did  reduce  it3  extensibility. 

St.  John  and  Bailey  (26)  found  that  the  forco  required  to 
extend  dough  surface,  as  measured  with  the  Chopin  extenaimater 
likewise  tended  to  decrease  as  the  proportion  of  water  was  in- 
creased. This  was  obsorved  both  with  the  oontrol  or  milk-free 
doughs  and  with  those  containing  dry  skim  milk.  Extensibility 
of  doughs  was  not  substantially  affected  by  the  inclusion  of 
10  percent  or  less  of  dry  ski:;  milk  in  the  dough. 

The  ^.wanson-Worklnp,  Mlxonranh.   Swanson  and  Working  (30) 
devised  a  recording  dough  mixer  which  they  used  in  studies  on 
mlxlnj;  Bad  absorption.  They  believed  that  the  greatest  possi- 
bilities with  the  device  were  in  connection  with  the  testing 
of  wheat  varieties. 

Johnson,  Swanson,  and  Bayfield  (15)  made  an  extensive 
study  of  the  mixograph  to  evaluate  wheat  varieties  with  dif- 
ferent protein  levels.   They  found  that  height,  width,  and 
weakening  angle  of  the  mixoframs  were  positively  correlated 
with  protein  content  and  loaf  volume.   Loaf  volumes  were  more 
olosoly  associated  with  the  protein  content  than  w'th  any  of 
the  mixogram  characteristics.   The  height.  Independent  of  pro- 
tein content,  was  not  significantly  correlated  with  loaf  volume. 
Width,  independent  of  protein  content,  was  not  found  slgnifi- 


cantly  correlated  with  loaf  volume.   The  multiple  correlation 
coefficients,  including  protein  content  and  any  one  of  the 
three  mlxogram  characteristics  when  correlated  with  loaf  volume 
from  elthor  formula,  were  found  to  be  probably  not  significant- 
ly different  from  the  simple  correlation  coefficients  between 
loaf  volume  and  protein  content*   Mlxogram  charaeterlstiea 
tended  to  reflect  baking  strength  for  a  flour  mainly  because  of 
the  high  correlation  between  loaf  volume  and  protein  content  on 
the  one  hand,  and  between  protein  content  and  the  mlxogram 
characteristic  on  the  other.   The  angle  expressing  range  of  mix- 
ing tolerance  tended  tc  decrease  with  increasing  protein  but 
not  in  a  linear  fashion* 

The  relationship  of  mixing  time  and  of  development  an  le 
with  protein  content  was  curvilinear.   Development  an^le  and 
mixing  time  were  moderately  and  negatively  correlated  with 
areas  under  mlxograms  from  starting  point  to  poir.t  of  minimum 
mobility.  Aroa  was  presented  as  a  measurement  of  energy  input 
required  to  mix  a  dough  to  optimum  development.  Area  was  not 
significantly  correlated  with  loaf  volume. 

Johnson  et  al.  (lb)  foun.i  that  overmixing  the  dough  re- 
sulted in  a  decrease  In  loaf  volume,  the  largest  being  in  the 
high-protoln  samples.   A  fair  degree  of  association  between  de- 
crease la  loaf  volume  and  the  weakenin  ancle  was  found.   The 
weakening  angle.  Independent  of  protein  content,  was  positively 
correlated  with  decrease  in  loaf  volume  caused  by  over  mixing. 

The  Qstwald  a::u  V.acKic'nael  Vlscoslmetera.   Shorp  and 


Oortner  (25),  using  these  devices,  employed  viscosity  as  a 
measure  of  hydration  capacity  of  wheat  flour  and  investigated 
its  relation  to  baking  strength. 

According  to  Sharp  and  Oortner  (25),  they  confirmed  the 
earlier  conclusion  of  Oortner  and  Doherty,  that  there  is  an 
Inherent  difference  In  the  physico-chemical  properties  of  the 
gluten  from  strong  and  weak  flours  and  that  these  differences 
are  due  to  the  colloidal  state  of  the  gluten  proteins.  In 
addition,  they  showed  that  the  differences  in  colloidal 
properties  apparently  reside  in  the  protein,  glutenin. 

Different  adds,  they  found,  apparently  do  not  produce  the 
same  maximum  lmbibitional  effect  with  wheat  proteins,  failure 
of  somo  acids  to  produce  Imbibition  probably  being  related  to 
their  effect  as  protein  precipitants. 

They  found  that  viscosity  in  the  presence  of  alkalies  is 
not  so  markedly  affected  by  the  soluble  materials  present  In 
the  natural  flour  as  In  the  presence  of  acids. 

The  Farinograph.  m  the  early  1930's,  the  significance  of 
farlnograms  was  sometimes  overstated,  with  the  lapse  of  time, 
and  the  experience  that  has  been  gained,  Increasingly  conserva- 
tive and  more  acceptable  interpretations  of  the  farinograms 
have  made  their  appearance  in  the  literature.  For  example,  the 
Interpretation  that  the  width  of  the  farinogram,  as  drawn  by  a 
properly  calibrated  farinograph,  Indicates  the  actual  elasticity 
of  the  dough  is  largely  no  longer  held. 

As  Morkley  and  Bailey  (10)  showed,  the  width  of  the  line 
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Is  a  function  of  mobility  of  the  dough,  tho  relation  being 
slightly  curvilinear  when  extended  through  a  large  mobility 
range.  Also  Berkley's  (17)  wheat  starch-rater  pastes  gave  wide 
farlnogram  linoa,  yet  such  paatea  pos3eased  little  tenaile  or 
•hearing  elasticity.   At  no  time  has  it  been  sug,  sated  that  the 
farlnogram  actually  disclosed  certain  other  physical  properties 
which  probably  determine  tho  behaviors  of  dough  in  actual  bak- 
ings such  as  modulus  of  elasticity,  ductility,  and  tensile 
strength.   The  characteristics  of  tho  farlnogram  may  be  corre- 
lated with  certain  of  these  properties,  though  there  are  spe- 
cific instances  when  such  correlations  are  not  apparent. 

Skovholt  and  Balloy  (26)  were  among  the  first  to  publish 
work  conducted  using  the  farlnograph  in  the  United  States.   They 
observed  the  effect  of  temperature  and  of  the  addition  of  dry 
skim  milk  upon  the  properties  of  doughs  as  measured  with  the 
farlnograph. 

In  1932  Brabender  (5)  analyzed  tho  farlnograph  curve  and 
In  1934  ho  described  previous  work  done  with  the  farlnograph 
(6). 

Near  arr.i  Sullivan  (24)  found  that  tha  farlnograph  measured 
absorption  accurately  and  was  well  correlated  with  their  bak- 
ing data  when  absorption  values  at  580  units  were  used. 

It  was  the  experience  of  :;tamberg  and  Bailey  (27)  that 
doughs  are  really  overmixed  when  the  farlnogram  curvo  has 
reached  its  peak,  and  that  bettor  bread  will  result  if  tho  mixing 
is  arrested  somewhat  short  of  that  stage. 


Bayfield,  ft'orkin.  and  Harris  (4)  found  that  absorption 
Increased  with  Increase  In  protein  content,  tut  not  to  the  same 
extent  In  the  different  varieties,  nor  was  the  rate  of  change 
as  great  with  the  low  protein  flours  as  with  the  high.  This  in- 
dicated a  curvilinear  relationship,   oome  workers  f oun  !  that 
below  9  percent  protein  there  was  little  further  decrease  in 
absorption.  This  is  accredited  to  the  large  proportion  of  water 
absorbed  by  the  starch.   Above  10  percent  it  was  often  found 
that  absorptions  vary  about  1.5  percent  for  each  percent  change 
In  protein. 

Johnson,  3hellenberger  and  Swanson  (13)  found  that  as  pro- 
tein increased,  the  absorption,  mlxlnr  requirements,  and  farln- 
ogranh  valorlmeter  reading-  also  increased. 

Oeddes,  Altken  and  Fisher  (10)  made  an  extensive  study  of 
the  relation  between  the  farlnogram  characteristics  and  baking 
value  of  ''astern  Canadian  wheat.   They  concluded  that  the  farin- 
o  ram  characteristics  were  not  as  valuable  as  flour  protein  as 
an  index  of  loaf  voluao,  but  the  Instrument  provided  valuable 
accessory  information  on  such  properties  as  absorption,  optimum 
mixing  time,  ami  mixing  tolerance.  , 

Frellich  an;  trey  (9)  studied  the  effect  of  mixing  both 
stral  ht  and  sponge  doughs  in  oxygen,  air  and  nitrogen  on 
farlnogram  height  and  loaf  volune.   They  studied  the  effects  of 
oxygen  on  dough  development,  the  effects  of  oxy,;en  in  doughs 
made  with  different  bread  flours,  in  doughs  containing  added 
protease,  and  the  mechanism  involved  in  the  effecta  of  oxygen. 
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Concerning  dough  development,  they  found  that  oxygen  ia  of 
fundamental  Importance  as  a  factor  In  proper  dough  development 
and  that  such  development  Is  evidently  unobtainable  In  the  ab- 
sence of  oxygen.  Oxygen  was  found  to  be  most  effective  when  in- 
corporated into  the  dough  during  the  original  mixing.  Satis- 
factory dough  development  was  achieved  also  by  incorporation  of 
oxygen  after  fermentation.   They  also  concluded  that  oxygen  ia 
•saentlal  in  the  mixing  of  sponge  dougha,  as  well  as  in  the  mix- 
ing of  straight  dougha,  if  satisfactory  dough  development  and 
loaf  quality  are  to  be  obtained. 

The  oxygon  offsets  during  dough  mixln;;  were  found  to  be 
Independent  of  protease  activity  of  ths  papain  type  that  may  be 
present  in  the  flour.  Oxygen  produced  effects  that  were  imme- 
diately apparent,  r.hereas  the  effects  of  added  papain,  both  in 
the  douj^h  and  in  the  resulting  bread,  became  evident  only  after 
several  hours  of  dough  fermentation. 

They  found  evidence  which  indicated  that  oxygen  is  utilized 
by  means  of  an  enzymle  mechanism.  Cuprous  chloride,  an  enzyme 
inhibitor,  added  to  a  straight  dough  mixed  in  oxygen  in  the 
farinograph  produced  a  curve  similar  to  that  obtained  with  a 
straight  dough  from  the  same  flour,  but  mixed  in  nitrogen  and 
containing  no  added  cuprous  chloride,  indicating  the  inhibition 
of  the  mechanism  involved  in  the  oxygen  effect.   The  enzymo 
activity  of  ths  yeast  in  the  dough  was  also  Inhibited  by  the 
cuprous  chloride.   Indirect  evidence  tending  to  oonflrm  the 
presonco  of  an  oxidizing  enzyme  system  was  obtained  by  adding 
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small  amounts  of  qulnua  flour  to  tbo  dough. 

The  Extensorraph.   Doughs  at  rest  exhibit  distinctly  dif- 
ferent physical  properties  from  those  shown  when  they  are  in  an 
"excited"  condition,  as  affected  for  example  by  mixing,  rounding, 
or  molding.  The  farinograph  is  designed  to  measure  dough  plas- 
ticity as  a  function  of  continuous  mixing}  thus,  it  cannot  re- 
veal the  recovery  or  tendency  of  the  dough  to  regain  certain  of 
its  original  properties  after  a  physical  manipulation,  or  reveal 
the  direction  and  magnitude  of  the  effect  of  chemical  treatment, 
since  the  effects  of  these  treatments  are  mainly  registered  In 
doughs  at  rest. 

The  extensograph  was  devised  to  measure  tbo  stress  and 
strain  relationship  of  doughs  at  rest.   The  Instrument  determines 
extensibility  after  permitting  the  dough  to  rest  for  suitable 
Intervals  of  tire.   Cf  the  measurements  that  might  be  made  of  tha 
curve  traced  during  the  extension  of  a  dough,  among  the  most  Im- 
portant are  the  linear,  horizontal  length  or  base  line  of  the 
curve,  which  records  extensibility}  the  maximum  height  of  the 
curve,  rhloh  reoords  resistance  to  extension}  and  the  area  be- 
tween the  curve  and  the  base  line,  which  Is  a  function  of  the 
work  done  on  the  dough  during  extension. 

Dougha  exhibit  many  physical  properties,  some  of  which  are 
correlated  with  their  bakin,  characteristics  under  optimum  con- 
ditions,  numerous  Investigations  have  been  made  and  several 
Instruments  designed  to  obtain  quick,  reproducible  and  reliable 
determinations  of  those  physical  properties  of  a  dough  which 
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would  provide  a  basis  for  predlctln  accurately  its  utility 
for  baking*  The  extensograph  was  designed  with  this  in  view. 

Kuch  of  the  preliminary  work  which  Brabender  must  have 
done  while  designing  and  after  having  completed  the  extenso- 
graph is,  unfortunately,  not  available  for  the  purpose  of  re- 
view; however,  he  and  Huns  have  published  several  important 
papers  on  the  subject. 

Jffun*  and  Brabender  (21)  found  that  vigorous  treatments 
such  as  are  accorded  by  mixing,  molding,  and  punching,  effect 
an  "excited  condition"  in  a  dough— which  may  be  analogous  to 
"work  hardening"  known  in  other  fields  of  physics.   In  this 
condition  it  exhibits  different  physical  properties  from  those 
shown  in  a  state  of  relaxation.  These  induced  effects  do  not 
remain  constant,  and  the  dough  tends  to  return  to  its  original 
state  if  allowed  to  stand  undisturbed  for  a  time,  and  the  rate 
and  degree  of  change  depend  upon  the  properties  of  the  flour 
as  well  as  the  treatments  to  which  it,  or  the  dough,  has  been 
previously  submitted. 

The  effects  of  some  different  variables  upon  extensogram 
characteristics  have  been  found  to  be  as  follows. 

1.  Effect  of  Settings.  Altkon,  Fisher  and  Anderson  (2) 
studied  tho  effects  of  three  settings  of  the  extensograph  on 
curve  dimensions  with  duplicate  curves  for  eight  doughs  from 
•ach  of  three  flours.   The  setting  had  no  effect  on  curve  length, 
which  measuro3  tho  extensibility  of  the  dough;  but  the  height 
of  the  curvo  which  measures  resistance  tc  extension  was  found  to 
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increase  as  the  instrument  was  made  more  responsive*   They 
found  that  most  of  the  latter  variation  can  be  removed  if  re- 
sistance is  reported  in  terms  of  the  weight  in  grams  required 
to  produce  the  given  curve  height  at  the  settin,  at  which  the 
machine  is  adjusted,  and  that  the  relation  between  curve  height 
and  resistance  in  grams  can  be  made  essentially  linear  at  each 
setting. 

2.  Effect  of  Overmlxlng.  On  extended  overmixlng,  Muni  and 
Brabender  (21)  found  that  doughs  tend  to  lose  extensibility  (E) 
and  to  increase  in  resistance  to  extension  (F)  on  standing.   This 
may  be  analogous  to  the  reversible  thixotroplc  bohavlor  observed 
in  certain  almple  gels.  In  general  those  flours  which  evidence 
the  greatest  sensitivity  to  overmlxlng  in  the  dough  stage  also 
exhibit  the  greatest  tendency  to  rocover  the  properties  of  a 
normally  mixed  dough. 

While  the  ideal  procedure  in  measuring  mixing  sensitivity 
with  the  extensograph  Is  to  acoord  various  mixing  treatments 
to  a  series  of  doughs  propored  from  the  same  flour  and  then 
observe  the  progressive  changes  in  properties,  with  time,  the 
general  class  of  flour  Into  which  most  Amarlcen  bread  flours 
fit  can  be  recognized,  usually,  according  to  Muns  and  Brabender, 
from  the  farlnograma. 

They  decided  that  "optimal  mixing  time"  must  be  regarded 
as  a  relative  term,  depending  upon  such  factors  as  the  type  of 
mixer  used,  nature  of  fermentation,  and  chemical  treatment 
accorded  the  dough.   It  is  not  a  definite  or  absolute  value, 
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except  as  thus  qualified. 

Johnson,  r.hellenberger,  and  ^wanson  (13)  found  that  exten- 
sibility, resistance  to  extension,  and  extensogram  area  were 
each  positively  correlated  with  farinogram  mixing  time* 

Merritt  and  Bailey  (19)  found  that  prolonged  mixing  de- 
creased the  extensibility  ani  extensogram  areas  of  fermented 
dourhs  at  baking  time  and  tended  to  decrease  resistance  to  ex- 
tension. 

3.  Effect  of  Rounding.   Merritt  and  Bailey  (19)  found 
that  the  optimum  number  of  revolutions  of  the  molder  was  20.   Be- 
low that  number,  the  dough  is  not  uniformly  rounded  arid  more 
than  that  was  unnecessary. 

4.  Effect  of  Rest  Periods.   Kune  and  Brabender  (21)  found 
that  successive  extensograph  tests  conducted  on  one  dough 
aliquot  after  varying  rest  periods  gavo  essentially  the  same 

■  relative  results  for  different  flour  doughs  as  testa  conducted 
on  separate  aliquots  for  each  rest  period. 

Strong  American  spring  wheat  flour  as  well  as  a  weaker 
European  blond  were  used  by  Mun«  and  Brabender  (21)  in  their 
study  of  the  changes  in  stress/strain  relationship  of  doughs 
as  a  function  of  rest  time.   Doughs  made  from  the  strong  wheat 
increased  in  extensibility  and  decreased  in  resistance  to  ox- 
tension  when  the  dough  was  permitted  to  stand  for  a  long  time 
after  it  had  boon  excited  by  molding.  As  the  dough  grew  older; 
i.e.,  when  the  molding  was  done  two  or  four  hours  after  mixing, 
the  relaxing  from  the  excited  state  as  induced  by  molding  pro- 
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ceeded  at  a  slower  rate. 

The  weaker  European  blend  Involved  In  the  studies  yielded 
a  dough  which  behaved  entirely  differently.  The  F/E  ratios  of 
the  freshly  mixed  and  the  two-hour  and  four-hour  doufhs  did  not 
materially  differ  when  oompared  30  or  60  minutes  after  molding. 
In  fact  such  differences  appeared  to  be  in  the  reverse  order 
from  the  strong-flour  doughs,  since  there  was  evidence  of  an 
increased  rigidity  in  the  structure  of  aging  of  the  latter.   It 
was  later  found  that  the  change  in  relaxation  on  aging  is  not 
only  dependent  upon  the  kind  of  flour  and  variety  of  wheat  but 
also  upon  the  customary  chemical  treatments  or  the  age  of  the 
flour. 

Kerrltt  and  Balloy  (19)  confirmed  Brabender's  recommenda- 
tion to  repeat  tests  of  the  same  piece  of  dough  after  rest 
periods  of  45  minutes. 

5.   Effect  of  Fermentation  Time  an  .  Tolorance.   Fermenta- 
tion tolerance,  according  to  Kunz  and  Brabender  (22),  can  be 
estimated  from  the  relative  change  in  extensogram  area  with  the 
lapse  of  time.   The  actual  time  in  minutes  through  which  dough 
maintains  a  fairly  uniform  optimum  quality  will  also  be  a  func- 
tion of  mixing,  dough  formula,  type  of  bread  desired,  and  other 
variables.  Accordingly,  the  tolerance  must  be  expressed  in 
relative  rather  than  definite  Intervals  of  time.  The  sar.e  is 
true,  In  general,  of  the  extiraatlon  of  optimum  fermentation 
time  from  the  curve  area  when  the  latter  is  plotted  as  a  func- 
tion of  time  of  rest. 
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In  a  further  study,  Huns  and  Srabender  (83)  concluded 
that  fermentation  time  can  ba  deduced  from  the  time  that  it 
takes  the  extensograms  to  reach  optimum  area.  They  also  be- 
lieved that  fermentation  tolorance  may  possibly  be  deduced 
from  expressions  involving  change  in  area  on  extended  rea't-tlme, 
change  in  the  ratio  of  f/E  as  expressed  by  the  angle  of  the  line 
connecting  the  different  f/E  values  with  the  horizontal  time 
axes,  and  change  in  the  oxy-number  on  extended  rest.-time. 

Lengthened  fermentation  decreased  resistance  and  extenso- 
crao  areas  when  measured  at  the  end  of  the  proof  period  (19). 

6.  fcffect  of  Protein  Content.  Several  studies  have  been 
made  correlating  protein  content  with  extensograph  data.  Munr 
and  Brabender  (22)  found  that  the  area  under  the  extensogram 
is  related  to  gluten  content  when  the  gluten  is  of  normal  qual- 
ity and  the  flour  has  been  accorded  proper  condltloninc  or 
treatment  with  oxidising  reagents.  -Tentative  relations  between 
these  two  variables  were:  area  equals  600  for  8  percent  crude 
protein;  area  equals  1500  for  16  percent  crude  protein,  with 
equivalent  areas  for  intermediate  protein  levels. 

Altken,  Fisher,  and  Anderson  (1)  confirmed  the  conclusion 
of  Munss  and  Brabender  that  the  area  under  the  curves  Increases 
with  increasing  protein  content.   In  a  study  on  a  variable 
protein  series  they  found  that  with  increasing  protein  content 
the  length  of  tho  curve,  which  represents  the  distance  that  tha 
dough  stretches  before  it  breaks,  increases  fairly  regularly 
from  16.4  to  25.0  cm;  and  that  the  height  of  tho  curve,  which 
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measures  the  resistance  of  the  dough  to  stretchlm  ,  Increases 
over  a  narrower  range,  ana  less  regularly,  from  4.6  to  6.6  era. 
The  curves  become  much  longer  and  a  little  higher  as  protein 
content  Increases. 

Johnson,  Shollenbergor,  and  Ewanscn  (13)  also  found  that 
extensibility,  resistance  to  extension,  and  extensogram  area 
were  each  positively  correlated  with  protein  content. 

7.   Effect  of  Oxidizing  and  Reduolng  Agents,   "evoral  ex- 
tenaograph  studies  dealing  with  the  effect  of  oxidising  and 
reducing  reagents  upon  physical  dough  properties  appear  in  the 
literature.  Thoro  aro  two  schools  of  thought  in  accounting 
for  tho  effect  of  oxidlilng  agents  upon  the  physical  properties 
of  flour  doughs,  one  of  which  maintains  that  such  agents  act 
indirectly  by  Inhibiting  or  restraining  proteolysis,  while  the 
other  contends  that  they  function  in  terms  of  their  direct  ef- 
fect upon  colloidal  properties  of  the  dough.  Farinograms, 
according  to  the  literature,  have  not  proved  useful  in  elucidat- 
ing the  manner  or  degreo  of  the  changes  effected  by  such  re- 
agents, either  when  the  observations  arc  made  upon  freshly 
mixed  dough,  ©r  upon  dough  previously  fermented  for  varying 
periods  of  time.   These  limitations  may  be  the  consequence  of 
the  fact  that  the  farlnograph  so  operates  as  to  disclose  prop- 
erties of  a  dough  in  a  state  of  continuous  agitation,  rather 
than  the  properties  of  a  resting  dough.   In  resting  doughs, 
prepared  either  with  or  without  yeast,  tho  action  of  such  re- 
agents becomes  evident  when  tests  aro  made  with  the  extensograph. 
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Mune  and  Brabender  (22)  devised  a  scale  for  expressing 
the  sensitivity  of  flours  to  oxidizing  agents.  Extensograma 
were  found  to  be  useful  criteria  of  bromate  reaction  when  sub- 
jected to  simple  mathematical  treatment.   Properties  of  un- 
treated doughs  which  can  be  determined  from  the  extensogram 
appeared  to  be  highly  indicative  of  the  dlreotlon  and  magni- 
tude of  the  effect  of  such  oxidising  reagents.  Thus  the 
"oxynumber"  is  computed  from  the  formula: 

Area  under  extonsor.ram 
I-'/E  x  10 

A  low  value  approaching  zero  Indicates  a  strongly  negative 
reaction,  a  high  value  in  excess  of  50  means  a  strongly  posi- 
tive reaction. 

In  a  later  paper  (23)  these  authors  found  further  evidence 
to  support  their  belief  that  bromate  response  can  bo  determined 
from  the  oxy -number. 

Merritt  and  Bailey  (19)  studied  the  effect  of  oxidizing 
and  reducing  agents  on  extensibility.  The  oxidising  action  of 
potassium  bromate  and  potassium  iodate  effected  a  decrease  in 
extensibility  and  In  area  enclosed  by  the  extensogram,  as  well 
as  an  increase  in  resistance  to  extension.  Two  and  three  suc- 
cessive testings  of  doughs  treated  with  potassium  bromate 
effected  greater  reduction  In  area  of  extensograms  than  did  the 
corresponding  tests  of  doughs  containing  potassium  iodate.   A 
positive  loaf  volume  response  to  potassium  bromate  was  obtained 
with  a  strong  and  medium-strength  flour  but  not  with  a  weak 
flour. 
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Reducing  agents  such  as  sodium  sulfite  and  sodium  thlo- 
aulfate  vero  found  to  affect  an  increase  in  extensibility  and 
a  decrease  in  resistance  to  extension  of  doughs.  Kxtensogram 
area  was  Increased  silently  by  moderate  dosages  of  sodium 
sulfite  anl  decreased  by  sodium  thlosulfate.  Reducing  action 
of  sodium  sulfite  had  little  effect  on  the  loaf  volumes  of  a 
strong  and  a  medium-strength  flour  but  increased  the  loaf 
volumes  of  a  weak  flour. 

Simultaneous  addition  of  potassium  bromate  and  sodium 
sulfite  to  doughs  resulted  In  a  compensatory  effect.  The  com- 
pensating action  of  these  reagents  was  not  quantitative  but 
varied  with  the  quantities  used  and  with  different  flours. 

A  method  of  predicting  the  bromate  requirement  of  doughs 
was  devised  by  Kerrltt  and  Bailey.   It  involves  tho  use  of 
"age-index"  values  of  doughs  which  are  oomputod  from  a  formula 
involving  the  protein  content  of  the  flour  and  measurements 
characterizing  the  extensogram. 

Treatment  of  flour  with  chlorine  effected  a  substantial 
change  in  those  physical  properties  which  are  registered  In 
the  f/e  ratio  of  their  doughs  according  to  Kuns  and  Brabender 
(22).  They  found  that  the  first  increment  of  chlorine,  suf- 
ficient to  reduce  the  pH  of  the  dough  to  5.4,  effected  the 
greatest  change  In  this  particular,  and  additional  increments 
which  increased  the  relative  acidity  of  the  dough  progressively 
to  pH  4.9  produced  little  additional  change  in  f/e  ratio.  Area 
under  tho  extensogram  was  greater  in  the  flour  treated  to  pH  5.4 
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and  Increased  somewhat  upon  tho  addition  of  more  chlorine  to 
pH  4.9. 

8.  r.ffect  of  Papain.   Papain,  according  to  Muni  and  Bra- 
bender  (22)  substantially  altered  those  dough  propertlea  which 
can  be  demonstrated  by  extensograms ,  and  when  bromates  were 
suporlmposed  upon  such  doughs  the  action  of  tho  papain  was 
restrained  or  reduced.   Tho  same  tendencies  were  observed  with 
cysteine  and  cysteine-bromate  combinations.   In  regard  to  the 
effect  of  bromate  on  papain  treated  flour,  they  observed  that 
their  results  afforded  support  to  tho  conclusion  reached  by 
Jorgenaen  and  others  that  bromates  do  restrain  or  control  the 
action  of  papain  and  similar  proteolytic  enzymes,  especially 
when  the  level  of  activity  of  the  latter  is  not  too  I 

The  effect  of  papain  on  extensibility  was  measured  by 
Merrltt  and  Bailey  (19)  but  the  dosages  of  papain  used  were  not 
large  enough  to  effect  any  substantial  changes  In  the  physical 
properties  of  the  doughs.   Since  papain  is  an  enzyme  which  Is 
thought  to  act  on  the  wheat  protein  very  much  like  the  natural 
proteases  of  wheat  flour,  It  was  thought  that  extensibility 
would  progressively  increase,  and  resistance  and  area  decrease 
with  time.   After  a  certain  dosage  had  been  reached  this  might 
happen.   That  it  did  not  might  mean,  according  to  Merrltt  and 
Bailey,  that  the  action  of  enzymes  liko  papain  can  be  controlled 
with  either  time  or  mechanical  work  (punching)  and  thereby  pro- 
duce a  more  suitable  dough  for  baking. 

9.  Effect  of  Other  Additives.   The  inclusion  of  malted 
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wheat  flour  In  doughs  In  normal  proportions,  according  to  Muns. 
and  Brabender  (22),  did  not  substantially  altor  ths  extenso- 
arams,  which  suggested  that  the  gluten  properties  were  not  af- 
fected greatly  by  the  enzymes  thus  contributed  to  the  dough. 
This  added  support  to  the  earlier  conclusion  of  !/uns  and  Bailey 
(20)  that  the  modifications  in  dough  plastioity  resulting  from 
the  addition  of  wheat  malt  flour  might  be  traced  to  the  changes 
In  the  starch  properties  effected  by  tho  amylases  rather  than 
to  proteolysis • 

Uonfat  milk  solids  decrease  extensibility  and  resistance 
to  extension  with  flours  of  low  protein  content.  A  dosage  of 
3  g  of  nonfat  milk  solids  per  100  &  of  flour  was  found  to  in- 
crease exter.sogram  area  and  stabilized  doughs  against  the  ef- 
fect of  repeated  tests  to  a  {.roater  extent  than  a  dosage  of  6 
g  per  100  g  of  flour  (19). 

Shortonlngs  of  several  types  behaved  differently  with 
different  flours.   In  general,  it  has  been  found  that  they  in- 
creased extensibility  but  had  no  uniform  effect  on  resistance 
or  extensogram  area  (19). 

Leavenli.f,  action  of  yeast  decreased  all  dimensions  of  the 
extensograms  but  was  partially  counteracted  by  the  addition  of 
either  potassium  bromate  or  sodium  sulfite  to  the  formula  (19). 

10.   Effect  of  Heat  Treatment.   Heat  treatment  of  flour 
appeared  to  effect  changes  in  dough  properties  analogous  to 
thoao  resulting  from  the  use  of  bromates  (22). 
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11 •   Effect  of  Carbon  Dioxide  on  the  sponge*   Sullivan 
and  Richards  (29),  In  Investigating  the  Influence  of  carbon 
dioxide  on  fermenting  sponges,  obtained  extensograma  and  farin- 
ograms  on  the  sponges  and  on  the  doughs  after  remixing  as  the 
first  step  In  elucidating  the  effect  of  cabinet  fermentation. 
The  results  obtained,  In  conjunction  with  the  bakln.-  data,  sub- 
stantiated the  conclusion  that  shorter  sponge  times  are  possible 
when  using  the  cabinet  procedure.  Farinograph  and  extensograph 
curves  were  also  made  on  the  sponges  fermented  In  oxygen  and 
nitrogen.   It  was  noted  that  both  the  farinograms  and  extenso- 
grams  on  the  doughs  made  from  sponges  fermented  under  excess 
oxygen  and  nitrogen  showed  poor  handlin;  properties. 

12.   Evaluating  Flours  for  Specific  Purposes.   Johnson, 
Shellenbergor,  and  Swanson  (13,  14)  used  farinotrams,  mixo- 
grams  and  extensograma  as  a  moans  of  evaluating  flours  for 
specific  uses.   They  found  that  extensogram  data  representing 
bread  type  flours  Including  hearth,  bakery,  topping,  and  fam- 
ily groups  showed  greater  extensibility,  greater  resistance  to 
extension,  and  larger  curve  area  than  did  those  from  the  bis- 
cuit and  cracker  or  pastry  flours.   Bread  flour  doughs  also 
showed  greater  response  to  rest  periods  than  did  the  other 
types.   The  biscuit  and  cracker  group  tended  to  have  extenso- 
gram properties  intermediate  in  magnitude  to  the  bread  and 
pastry  flours.   The  pastry  flours  produced  extensograss  of 
smallest  area.   Protein  content,  extensogram  height,  and  area 
tended  to  average  highest  for  tho  tuarth  group  being  followed 
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In  order  by  bakery ,  topping,  and  family  flours.  Cracker  dough 
and  cracker  sponge  flours  exhibited  doughs  with  about  equal 
extensibility  but  the  cracker  sponge  doughs  had  greater  resis- 
tance to  extension  and  larger  exterisojjram  area*   The  extenso- 
graph  data  for  the  biscuit  flours  were  extremely  variable.  Ex- 
tonsograms  for  the  general  pastry  and  specialty  flours  were  much 
aliko.   The  extensibility  of  the  dough  for  these  two  groups  was 
greater  than  for  the  cake  flours,  while  the  resistance  to  ex- 
tension was  less.   Tho  fancy  cake  flour  doughs  possessed  the 
greatest  resistance  to  extension  with  45  minutes  of  rest, 
nhile  tho  medium  quality  cake  flour  produced  doughs  that  reached 
their  maximum  resistance  at  135  minutes  of  rest. 

13.  correlation  Between  Different  Dough  Testers.  The 
correlation  of  data  obtained  from  the  various  physical  dough 
testers  la  a  subject  that  has  received  the  attention  of  several 
groups  of  workers. 

Aitken,  Fisher,  and  Anderson  (1)  studied  the  relations  be- 
tween the  various  curves  obtained  from  the  farlnocraph,  alveo- 
graph,  and  extensograph  on  a  uniform  protein  series  of  flours. 
They  found  that  the  instruments  did  not  agree  entirely  on  which 
samples  were  similar  and  which  dissimilar.  That  the  farino- 
graph  should  yield  results  differing  from  those  of  the  other 
instruments  was  not  surprising  since  it  operates  on  an  entirely 
different  principle  and  measures  different  properties.  The  ex- 
tensograms  and  alveograms  might  reasonably  have  been  expected 
to  classify  samples  in  the  same  way  because  they  measure  similar 
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properties,  but  they  did  not  invariably  do  so.  For  example* 
they  found  that  not  only  la  there  no  significant  correlation 
between  alveogram  length  and  extensogram  longth  but  the  corre- 
lation coefficient  is  the  fourth  lowest  of  those  listed*   since 
both  measurements  are  supposed  to  reflect  the  extensibility  of 
the  dough  it  seemed  to  them  that  there  should  hare  been  better 
correlation.  They  assumed  that  the  measurements  were  made 
under  such  widely  differing  conditions  that  no  correlation  be- 
tween tho  results  was  possible. 

They  advanced  four  interesting  points  to  explain  why  they 
found  no  significant  correlation  between  alveogram  length  and 
extensogram  length.  First,  extensograms  are  made  with  dougha 
of  uniform  consistency  whereas  alvoograms  are  mado  at  uniform 
absorption.   If  the  former  technique  is  the  better  for  obtain- 
ing a  "true"  measure  of  extensibility,  then  the  contradictory 
results  are  explainable.  Second,  tho  extensograph  stretches 
the  dough  in  only  one  direction,  whereas  the  alveograph 
stretches  it  in  several  directions.  Third,  the  extensograph 
stretches  the  dough  at  a  constant  rate,  which  is  essentially 
independent  of  the  resistance  of  the  dough  to  stretching; 
whereas  tho  rate  at  which  the  alveograph  bubble  expands  and 
stretoho3  the  dough  must  be  affected  by  the  resistance  of  the 
dough  to  stretching.   And  fourth,  whereas  the  extensograph 
dough  was  made  with  water  and  sufficient  salt  solution  to  bring 
the  salt  content  to  2  peroent,  the  alveograph  dough  was  made 
with  2.5  peroent  salt  solution  ami  was  also  lubricated  with  oil. 


Johnson,  Shellenberger,  and  Swanson  (13,  14)  found  that 
extensibility,  resistance  to  extension,  and  extenso.raa  area 
•ore  each  positively  correlated  with  farlnogran  mixing  time, 
valorlmeter  valuo,  mlxogram  area,  and  height*  Extensogram 
properties  were  more  highly  correlated  with  protein  oontent  than 
with  farlnogram  or  mlxogram  properties.   Tho  correlations  be- 
tween oxtenoograa  area  arid  protein  content,  farinogrum,  and  mlx- 
ogram characteristics  were  greator  than  the  correlations  between 
the  same  mixing  factors  and  tho  extensibility  and  the  resistance 
to  extension. 

14.   Uffoots  of  Mixing,  Salt,  and  Consistency.   Usher, 
Altkon,  and  Anderson  (8)  studied  tho  effects  of  initial  mixing 
procedures  on  oxtensograms  with  tho  Hobart,  nrabender  farino- 
graph,  and  Swanson  mlxor3.   With  the  mild  mixln  .  action  of  the 
Hobart,  llttlcj  change  in  extensibility  or  resistance  to  exten- 
sion occurred  as  mixing  time  was  increased,  and  thero  was  little 
difference  between  45-minute  a:.i  135-alnute  extensograns.  With 
the  severe  mixing  of  tha  Swanson,  howovor,  extensibility  de- 
creased and  resistance  increased  with  increased  mixing  time, 
and  these  changes  were  greater  in  135-  than  in  45-minute  ex- 
tensograms.  The  farlnograph  mixer  gave  intermediate  results. 
Mild  mixing  was  considered  to  yield  extonsogroins  representing 
Inherent  properties  of  tho  flour  and  to  provide  a  control  pro- 
cedure for  studies  cf  changes  in  formula  or  manipulations. 
Severe  mixing  yielded  extensograns  from  which  tho  response  of 
the  flour  to  mixing  could  be  measured  by  the  differences  be- 
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tween  45-  and  135-minute  curves.   Flours  with  a  wide  range  of 
v.heats  differed  In  both  basic  properties  and  In  response  to 
mixing. 

They  found  that  Increasing  the  consistency  of  the  dough 
decreased  extensibility  and  increased  resistance.   By  contrast, 
increasing  the  salt  concentration  Increased  both  extensibility 
and  resistance.  Salt  also  changed  the  shape  of  the  curve  by 
moving  the  highest  point  towards  the  right.   Weak  and  strong 
flours  responded  differently  to  added  salt,  so  that  comparisons 
of  extensibility  depended  upon  whether  this  was  measured  by  the 
total  length  of  tha  extensorron  or  by  the  length  to  the  hi.-host 
point  (greatest  resistance).  These  two  measurements  were  dis- 
cussed In  terns  of  their  probable  relation  to  elastic  and 
viscous  deformation  during  stretching. 

Chemical  Tests 

Humorous  chemical  tests  on  flour  have  been  devised.   Zeleny 
(31,  32)  introduced  a  sedimentation  and  a  photometric  protein 
test  which  are  simple  in  their  procedures  and  striking  In  their 
revelations. 

Zeleny  oedlmontatlon.   I';  has  long  been  known  that  dif- 
ferences anions  flours  from  different  types  of  wheat  are  re- 
flected by  the  abilities  of  the  gluten  proteins  to  imbibe  water. 
The  relationship  between  the  colloidal  swelling  of  gluten  and 
the  bread-baking  quality  of  flour  was  probably  first  reported 
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by  Upson  and  Calvin.  Gortaer  and  Dohorty,  according  to  Sharp 
and  Gortner  (25),  in  studying  the  rato  and  extant  of  the  swell- 
ing of  gluten  disks  in  dilute  solutions  of  various  acids,  found 
that  glutens  from  "strong"  flours  have  much  MghT  rates  of  hy- 
dration and  much  higher  hydration  capacities  than  do  glutens 
from  weak  flours.  Sharp  and  Gortner  (25)  demonstrated  the  re- 
lationship between  flour  baking  strength  and  hydration  capacity 
as  measured  by  the  viscosity  of  acidulated  suspensions  of  flour 
in  water*  Luers  and  Schneider,  according  to  Sharp  and  Gortner 
(25),  in  comparing  various  methods  for  determining  the  hydra- 
tion capacity  of  colloids,  found  good  agreement  among  Hof- 
melster's  mothod  of  weighing  before  and  after  the  Imbibition 
of  water  by  the  colloid,  Fischer's  method  of  determining  tho 
change  in  volume,  and  the  visco.iity  method. 

Zeleny's  (32)  method  is  based  on  the  rato  of  sedimentation 
of  the  aolid  phase  from  an  acidulated  suspension  of  flour  in 
water* 

The  line  of  demarcation  between  the  solid  and  liquid 
phases  was  found  ordinarily  to  be  sharp  and  distinct  so  that 
readings  could  be  made  to  the  nearest  milliliter  and  estimated 
to  tho  nearest  0.1  ml.  Occasionally  the  line  of  demarcation 
was  less  distinct  but  rarely  was  it  so  indistinct  that  readings 
could  not  be  made  to  the  nearest  ml,  Duplicate  determinations 
usually  agreed  within  less  than  1  ml*   In  a  series  of  135 
samples  of  flour  tested  In  duplicate,  the  average  difference 
between  duplicates  was  0,5  ml  and  the  maximum  dif f orence  w as 
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2.5  ml. 

It  was  found  that  the  sedimentation  value  was  fully  as 
good  an  index  of  the  bread  loaf  volume  as  was  the  protein  con- 
tent. 

Specific  sedimentation  (sedimentation  value  divided  by 
protein  percentage)  was  found  to  be  a  useful  measure  of  gluten 
quality.   The  relative  gluten  qualities  of  flour  from  nine  of 
the  leading  commercial  varieties  of  hard  red  winter  wheat  were, 
with  one  exception,  evaluated  in  essentially  the  same  order  by 
their  specific  sedimentation  values  as  by  their  specific  loaf 
volumo  values. 

Flour  from  Chief kan  and  Red  Chief  wheat  (varieties  of 
generally  recognised  inferior  gluten  quality)  tended  to  bo 
properly  evaluated  in  respect  to  potential  bread  loaf  volume 
by  the  sedimentation  test,  vhllo  the  protein  teat  almost  invar- 
iably overestimates  (often  greatly)  tho  bread  loaf  volume  that 
can  be  obtained  from  such  flour. 

Zeleny  Photometric  Protein.  Zeleny  (31)  introduced  a  new 
simple  procedure  for  determining  protein  content  in  wheat  and 
flour.   The  method  is  based  on  the  peptization  of  the  wheat 
proteins  by  dilute  alkali,  the  preparation  of  a  stable  colloidal 
suspension  of  the  gluten  proteins  by  accurately  controlled  par- 
tial neutralization  of  the  alkaline  extract,  and  tho  measure- 
ment of  the  light  transmission  through  this  suspension  by  means 
of  a  photometer.   Zeleny  found  a  close  association  for  flours 
between  light  transmission  and  protein  not  peptized  by  5  percent 
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potassium  sulfate  solution. 

Zeleny,  Neustadt,  and  Dixon  (33)  also  found  a  close 
association  for  wheats  between  light  transmission  and  a  cal- 
culated value  for  endosperm  proteins. 

Eva  and  Anderson  (7)  studied  the  relations  between  loaf 
volumet  Zeleny  protein,  and  KJeldahl  protein.   They  found  that 
the  Zeleny  method  measures  some  fraction  of  the  total  protein 
that  is  no  more  closely  related  to  loaf  volume  than  Is  total 
protein  determined  by  the  KJeldahl  method.   They  also  found 
that  the  Zeleny  method  can  apparently  be  used  for  predicting 
KJeldahl  protein  in  sound  samples  of  one  wheat  variety  grown 
in  different  places,  or  in  samples  of  different  varieties  grown 
at  one  place. 

Effect  of  Storage  on  Chemical  Tests.   Jones  and  Oeradorff 
(16)  studied  the  effect  of  storage  under  different  conditions 
upon  the  proteins  of  whent  kernels,  white  flour,  and  whole 
wheat  flour  over  a  period  of  2  years.   The  extent  of  the 
changes  was  found  to  depend  on  temperature,  type  of  contain- 
ers, duration  of  storage,  and  the  nature  of  the  material 
stored,   samples  stored  at  76°  F.  were  affected  more  than  those 
stored  at  30  F.,  and  those  In  bags  more  than  those  in  sealed 
jars.  Changes  in  white  flour  were,  in  general,  greater  than 
those  in  whole  wheat  flour.   Significant  changes  occurred  also 
in  the  wheat  kernels,  although  not  as  great  as  in  the  flours. 
The  total  nitrogen  and  free  ammonia  remained  unchanged.  The 
rapid  rate  of  some  of  the  changes  was  notable,   shite  flour 
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stored  In  a  jar  at  76  p.  ahowed  a  decrease  In  protein  solu- 
bility In  salt  solution  during  the  first  month  of  storage  of 
45  percent,  which  was  throe-fourths  as  much  as  that  observed 
at  the  end  of  2  years.  Wheat  kernels  stored  in  jars  at  76°  F. 
for  2  years  showed  a  decrease  in  protein  digestibility  of  8  per- 
cent, i'/hlte  flour  stored  for  2  years  at  76  F.  decreased  17 
percent  In  digestibility  of  the  proteins. 


SCOP         PROBLEM 

It  was  believed  that  the  potentialities  of  the  farino- 
graph and  extensograph  for  evaluating  dough  properties  had  not 
been  exhauatod  by  previous  work,  an  '.   it  was  suspected  that  some 
previous  work  in  this  field  may  have  been  misinterpreted  due 
to  fundamental  defects  in  farinograph  and  extensograph  tech- 
nique.  One  such  defect  may  be  the  mixing  and  resting  of  doughs 
In  a  gaseous  mixture,  air,  rather  than  in  an  atmosphere  con- 
sisting more  nearly  of  a  single  component.  For  this  reason 
studies  were  made  on  the  same  flour  using  different  mixing 
and  restlnr.  atmospheres  to  determine  whether  or  not  this  was  a 
critical  factor  subject  to  standardisation  as  Is  for  exonple 
absorption,  in  Interpreting  farlnograraa  and  oxtensograns . 

In  previous  published  work  llttlo  attention  was  given  to 
the  age  or  storage  conditions  of  the  flour  used  In  obtaining 
farinograph  and  extensograph  data  used  to  formulate  general 
theory.   It  was  believed  that  this  possibility  also  may  have 
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led  to  conflicting  data  which  might  otherwise  havo  been  simi- 
lar* 

To  study  the  effect  of  storage ,  a  technique  was  developed 
for  storing  the  flour  under  controlled  conditions  and  a  study 
involving  determination  of  ohemleal  as  well  as  physical 
characteristics  was  undertaken  for  a  period  of  approximately 
a  year. 

It  was  believed  that  the  full  significance  of  all  farlno- 
grara  and  extensogrom  characteristics  had  not  been  completely 
determined  and  that  those  which  were  known  may  not  have  been 
thoroughly  developed.   For  that  reason  It  was  decided  to  do 
some  fundamental  work  which  might  throw  more  light  on  the  na- 
ture of  farinograms  and  extensograms.   This  involved  use  of 
water-flour  and  wator-flour-KaCl  dough  systems.  A  further 
development  Involved  the  use  of  various  levels  of  potassium 
bromate  with  accompanying  increments  of  SaCl. 

The  influence  of  starch  on  farinograms  an:i  extensograms 
has  been  considered  to  be  relatively  minor.   It  was  not  clear 
from  the  literature  whether  it  was  always  taken  into  con- 
sideration in  past  work  or  simple  ignored.  For  this  reason  a 
simple  study  Involving  the  ball-milling  of  flour  was  under- 
taken. 

In  order  to  learn  more  of  the  fundamental  nature  of  ex- 
tensograms, modest  studies  involving  several  acids  and  bases 
were  undertaken,  as  well  as  the  use  of  flour  stored  under  an 
atmosphere  cf  hydrogen  sulfide. 
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Since  chemical  as  well  as  physical  tests  were  desired  on 
the  stored  flour,  it  was  decided  to  do  a  photometric  protein 
study,  and  a  sedimentation  study  which  was  quasi  chemical  in 
nature . 

MATEniALS  AI!D  METHODS 

The  Farlnograph 

Recording  dough  mixers  such  as  the  farlnograph  are  de- 
signed to  glvo  a  moving  picture  of  the  plastic,  viscous  and 
elastic  properties  of  the  dough  as  mixing  progresses.  Each 
successive  instant  is  a  point  on  the  curve  whioh  represents 
physically  and  mechanically  those  physical  and  chemical 
chances  in  the  dough  which  can  find  expression  through  a 
physical  and  mechanloal  medium. 

Among  the  moat  essential  part3  of  the  farlnograph  are  the 
following:  The  mixer  is  of  tho  Kerner-Pfleiderer  type  and  the 
two  helical  blades  rotate  toward  each  other  in  a  ratio  of  3:2. 
There  is  a  lever  system  for  amplifying  the  movement  of  the 
dynamometer  as  influenced  by  the  varying  resistance  of  the 
dough  to  the  mixing  blades  and  registering  the  variation  of 
this  resistance  in  a  curve  called  the  farlnogram.  To  prevent 
sudden  swings  of  the  recording  pen  which  would  produce  a  Jagged 
curve,  there  is  a  damper  or  shock  absorber.  Tho  cross  linos  on 
the  chart  paper  have  tho  same  curvature  as  the  are  in  which  the 


pen  moves.   The  temperature  In  the  mixing  bowl  Is  controlled 
by  circulating  water  from  a  thermostat  at  desired  temperature. 

The  curved  lines  on  the  cross  section  paper  on  which  the 
farinogram  is  traced  are  so  spaced  that  tne  chart  moves  from 
line  to  line  in  one-half  minute.   There  are  50  horizontal 
lines,  each  line  representing  two  units.  These  units,  road  from 
the  bottom  line,  are  used  to  indicate  the  consistency  of  the 
dough.   Since  there  are  1000  units,  the  height  of  the  center  of 
the  farlno£ram  is  Indicated  by  a  number  commonly  referred  to 
as  Brabonder  Units.   The  horizontal  distance  from  where  the 
farinogram  began,  to  the  point  where  the  pen  ha3  attained  max- 
imum amplitude,  indicates  the  dough  development  time. 

Instrument  settings.   The  large  mixing  bowl  (250g)  was 
used  exclusively,  and  the  following  setting  was  used  through- 
out* 

On  arm:  fifteen  hollows  of  thread  showing  from  end  of  arm 
to  first  counterbalance  weight. 

On  curve  width  mechanisms  one  partial  revolution  of  the  cog- 
wheel to  the  measuring  point  (indicated  by  indentations)  plus 
five  complete  revolutions  an;l  20  small,  separate  movements  of 
the  cogwheel  which  were  indicated  by  a  snapping  sound. 

Farinograph  Procedure  for  Cloanout  Doughs  and  Absorption 
Detormlnatlons.  Although  farlnograph  procedure  varied  depend- 
ing upon  the  study  at  hand,  thero  are  general  directions  which 
were  applicable  in  all  situations. 

One  of  those  was  the  cleanout  whose  purpose  was  to  remove 
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the  thin  film  of  copper  oxide  which  develops  on  the  bronze  sur- 
face of  the  mixing  bowl  after  standing.   It  also  gave  the  mov- 
ing parts  of  the  Instrument  time  to  roach  their  optimum  working 
condition  and  become  thoroughly  lubricated  so  that  friction  was 
constant* 

The  practice  used  in  these  studios  was  that  adopted  from 
Snodgrass  according  to  Aitken,  Fisher,  and  Anderson  (2).   If 
the  bowl  stood  for  more  than  5  minutes  without  being  in  use, 
one  cleanout  was  made;  if  it  stood  4  hours  two  cleanouts  were 
made.  The  mixing  time  was  five  minutes  in  all  cases.   If  the 
bowl  stood  for  24  hours  or  more,  three  oleanouts  were  made,  the 
first  bain;  for  15  minutes  and  the  others  for  5  minutes  each. 

To  conduct  a  cleanout  250  g  of  stock  flour  was  placed  in 
the  bowl.  The  circulatinj;  water  bath,  started  previously,  was 
adjusted  at  intervals  so  that  by  the  time  an  actual  determina- 
tion was  ready  to  oe  made,  the  parts  of  the  farlnograph  and  ex- 
tanso^raph  were  at  a  constant  temperature  of  30°  C.   The  farlno- 
graph was  started  and  enough  distilled  water  from  the  buret 
run  into  the  bowl  to  give  a  dough  of  good  consistency.  After 
allowing  the  Instrument  to  mix  for  the  proper  time,  most  of  the 
dough  was  removed  from  the  bowl  before  it  was  taken  off.  This 
was  facilitated  by  adding  a  small  handful  of  dry  flour  to  the 
dough  and  continuing  the  mixing  for  several  seconds  moro.   The 
use  of  any  artificial  dough  stiffener  such  as  borax  is  not 
recommended  since  only  a  trace  of  this  remaining  in  the  bowl 
will  influence  the  curves  of  the  next  mix.  The  bowl  was  then 
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taken  off,  cleaned,  makln  aure  that  ovary  particle  of  dough 
was  removed,  and  dried.   Whenever  necessary,  the  above  procedure 
was  repeated. 

Usually  before  any  investigations  on  doughs  using  the 
farinograph  and  extensograph  can  be  done,  the  optimum  absorp- 
tion of  the  flour  must  Le  known.  With  the  water  bath  functlon- 

o 

lng  at  30  C.»  250  g  of  flour  on  a  14  percent  moisture  basis 

was  placed  in  the  clean,  dry  farinograph  bowl.   Before  t!  o 
flour  was  placed  into  the  bowl,  the  mixing  blades  were  adjusted 
so  that  they  were  in  the  samo  relative  position  that  was  adopted 
as  standard.  The  position  adopted  hore  was  an  aliening  of  the 
parts  of  the  two  blades  sc  that  they  were  parallel  with  each 
other.  The  graph  paper  and  pen  were  correctly  adjusted.  The 
flour  was  placed  in  this  bowl  in  such  a  manner  that  there  were 
no  largo  air  spaces  under  the  blades.   The  surface  of  the  flour 
was  leveled  with  a  plastic  spatula  U30d  to  help  facilitate 
cleaning  the  bowl.  The  huret  was'  moved  to  the  same  position 
over  the  bowl  for  all  determinations.   The  buret  wa3  filled 
with  distilled  water  warmed  to  35  C.   Simultaneously  started 
were  the  mixing  and  the  rapid  running  into  the  bowl  of  some- 
what less  of  the  water  than  necessary  for  the  anticipated 
absorption.   When  the  pointer  on  the  scale  had  settled  about 
a  constant  consistency  value,  further  small  Increments  of  water 
were  added,  and  the  pointer  was  allowed  to  rise  to  a  constant 
moan  value  between  increments,  until,  finally  a  consistency  of 
500  units  was  reached  and  maintained  before  a  decrease  began. 
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The  trial  was  repeated  by  running  in  the  entire  volume  of  water 
rapidly.   If  the  maximum  eonslstenoy  was  not  exactly  at  500 
unit*,  the  absorption  was  changed  slightly  In  tha  necessary 
direction  and  the  tlral  was  repeated  until  the  minimum  mobility 
waa  exactly  500  units. 

Absorption  and  Mlxlnr,  Time.   Since  this  work  dealt  entirely 
with  unfermonted  doughs,  it  was  decided  to  use  the  farinograph 
exclusively  to  determine  optimum  absorption  and  mixing  time. 
Near  and  :ulllvan  (24)  found  that  tho  farinograph  measured 
absorption  accurately  and  was  well  correlated  with  their  baking 
data  when  580  units  were  used.   In  this  study  the  500  unit  mark 
was  used  as  it  was  considered  to  be  standard  for  flour-water 
systems. 

As  this  was  a  study  primarily  to  detect  changes  in  exton- 
sogram  characteristics,  the  optimum  absorption  was  determined 
on  the  same  day  the  flour  was  milled  and  that  absorption  was 
used  throughout.   It  wa3  felt  that  if  progressive  optimum  ab- 
sorptions were  determined  and  used  as  the  flour  aged,  changes 
in  physical  characteristics  would,  consequently,  be  masked. 

The  same  view  was  held  in  regard  to  mixing  time,  which  was 
determined  at  the  outset  and  continued  as  a  oonstant.   Tho  mix- 
ing time  used  was  the  time  required  to  reach  maximum  consis- 
tency or  the  peak  of  the  curve  at  optimum  absorption.   Since 
it  was  regarded  that  slight  ovormlxing  was  better  than  slight 
undermixlng,  the  experience  of  Sternberg  and  Bailey  (27),  that 
doughs  are  really  overmixed  when  tho  farinogram  curvo  has 
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reached  it3  peak,  was  fortunate  as  far  as  this  study  was  con- 
cerned. 

Farinograph  Mixing  Under  Gasos.   In  this  work  much  of  the 
mixing  in  the  farinograph  was  done  under  various  gases,  oxygen, 
air,  nitrogen,  and  hydrogen  being  U3ed.   An  apparatus  for  con- 
stant gas  flow  through  the  farinograph  bowl  was  designed.   It 
consisted  of  a  brass  cover  machined  to  fit  tightly  over  the 
bowl  r/hen  clamped.  Two  openings  with  metal  stopcocks  were  in 
the  cover  in  a  symmetrical  position  such  that  the  gas  flowed 
evenly  through  the  bowl.   One  of  the  openings  was  for  the  in- 
coming gas  and  the  other  was  for  the  outflow.   A  small  water 
manometer  was  introduced  Into  the  incoming  gas  system  by  means 
of  a  glass  T-tube,  one  opening  in  the  T-tube  attached  to  the 
incoming  stopcock  on  the  brass  cover,  one  to  the  manometer, 
and  the  third  to  the  tube  from  the  gas  cylinder.  The  manometer 
was  equipped  with  a  scale  in  centimeters,  and  a  little  coloring 
matter  was  added  to  the  water  in  the  manometer  tube  to  facil- 
itate reading.   A  water  manometer  was  used  in  preference  to  a 
mercury  manometer  because  of  the  low  gas  pressure  used.   In 
order  to  have  a  constant  gas  flow,  small  wash  bottles  with  water 
levels  and  glass  immersion  tubes  as  invariants  were  connected 
to  the  incoming  and  outgoing  gas  flow  systems.   This  was  in 
addition  to  the  needle  valve  attached  to  the  ga3  cylinder. 

Determination  of  Gas  Pressure.  In  mixing  under  gases 
other  than  air,  it  was  decided,  after  mixing  under  various 
pressure,  that  a  pressure  of  25  mm  of  water  above  atmospheric 
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pressure  was  optimum  for  the  apparatus  used.  Below  a  pressure 
of  10  mm,  fluctuations  occurred,  and  above  35  mm,  flour  was 
blown  against  the  farlnograph  bowl  cover  and  into  the  gas  out- 
lot  system. 

Unless  otherwise  stated,  the  gas  pressure  used  in  farlno- 
graph mixing  under  gases  other  than  air  was  85  mm  of  wator  above 
atmospheric  pressure. 

Farlnogram  Symbols .   Tho  following  farinogram  symbols  are 
used  in  this  work:   H,  which  is  farinogram  height,  and  V,,  which 
is  farinogram  width. 

The  Extensograph 

The  extensograph  is  an  Instrument  designed  to  subject  a 
cylinder  of  dough  to  a  measured  stress  such  that  the  dough  is 
stretohed  until  the  elastic  limit  is  reach  and  exceeded.   The 
force  applied  to  the  dough  la  transmitted  by  a  system  of  lovers 
and  a  pen  onto  graph  paper  moving  at  an  apparently  constant 
velocity.   The  resulting  curve  is  a  graph  which  records  exten- 
sion of  tl  e  dough  on  the  horizontal  axia  and  the  force  required 
to  extend  it  on  the  vertical  axis.  The  area  enclosed  by  the 
curvj  and  the  base  Una  may  be  taken  as  an  indication  of  the 
work  done  on  the  dough. 

The  most  essential  parts  of  the  extensograph  are:  the 
rounding  and  molding  devices,  the  constant  velocity  dough-hook 
which  engages  and  stretches  the  dough,  the  dough  holders,  the 


constant  temperature  incubator,  and  the  electrically  operated 
kymograph  and  an  inking  stylus  for  recording,  continuously, 
stresses  and  strains  in  the  portion  of  dough  under  test.  The 
rounder,  molder,  and  incubator  are  kept  at  constant  temperature 
by  circulating  water  from  the  thermostatically  controlled  wator 
bath.  As  with  the  farinograph,  the  cross  lines  on  tho  graph 
paper  have  the  same  curvature  as  the  arc  through  which  the  pen 
moves.  The  dough  holders  consist  of  the  holder  proper  and  the 
base  on  which  the  holder  and  the  middle  of  the  dough  cylinder 
are  cradled  during  tho  resting  period.  The  base  has  a  water 
receptacle  to  maintain  humidity  conditions  thus  preventing  the 
dough  surface  from  crusting  during  the  resting  period.  The 
dough  holder  proper  Is  constructed  in  such  a  manner  that  the 
dough  cylinder  is  clamped  at  both  ends  while  the  centor  of  the 
dough  cvlinder  is  unsupported,  leaving  it  free  to  be  engaged 
by  the  dough-hook  when  a  curve  Is  recorded. 

Extensograph  paper  is  practically  identical  to  farinograph 
paper,  all  line3  having  the  same  spacing.  The  only  difference 
is  in  the  labeling  of  the  curved  vertical  lines.   On  the  farin- 
ograph paper  these  lines  are  so  spaced  that  the  chart  moves 
from  line  to  line  in  one-half  minute;  these  same  lines  are  on 
the  extensograph  paper,  but  they  are  unlabeled. 

Instrument  Settings,   olnce  this  work  was  to  involve  some 
highly  developed  doughs,  it  was  decided  to  use  a  rather  high 
load  setting,  in  excess  of  that  used  in  most  previous  studies. 
Kunz  and  Brabender  (22)  who  worked  with  many  weak  flours  had 
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their  adjustment  so  that  a  125  g  load  on  the  balance  corres- 
ponded to  100  units  of  resistance,  a3  recorded  on  the  extenao- 
graph  paper.  Herrltt  and  Bailey  (19)  had  their  Instrument  ad- 
Justed  to  record  60  units  of  resistance  per  100  g  load.  Aitkon, 
Plshor,  and  Anderson  (2)  had  the  tension  on  the  balance  corres- 
pond to  200  units  on  the  extensoeraph  paper  with  a  balancing 
weight  of  660  g. 

In  this  work  the  tension  on  the  balance  corresponded  to 
200  units  on  the  extensograph  paper  with  a  balancing  weight  of 
630  g.   V.'ith  400  g  weight,  the  tension  corresponded  to  20 
units;  500  g  to  85  units;  600  g  to  175  units;  700  g  to  260 
units;  800  g  to  340  units;  900  g  to  420  units;  1000  g  to  510 
units;  1100  g  to  595  units;  1200  g  to  675  units;  1300  g  to  755 
units;  1400  g  to  845  units;  1500  g  to  920  units;  and  with  a 
weight  of  1600  g  the  tension  corresponded  to  990  units.  When 
the  tension  expressed  as  grams  was  plotted  against  extenso- 
graph units,  a  strainht  line  was  obtained. 

Huns  and  Brabender  found  the  velocity  of  tho  graph  paper 
of  their  instrument  to  be  6.5  mm  per  second;  Kerritt  and  Bailey 
found  theirs  to  be  6.5  mm  per  second;  and  Aitken,  Fisher,  and 
Anderson  found  theirs  to  be  6.8  mm  per  second.   The  extenso- 
eraph used  in  this  work  had  a  paper  velocity  of  6.7  mm  per 
second. 

The  velocity  of  the  dough  hook  on  the  instrument  used  by 
Muna  and  Brabender  was  13.6  mm  per  second;  llerritt  and  Bailey 
found  theirs  to  be  14.1  mm  per  second;  and  Aitken,  Fisher,  and 
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Anderson  found  theirs  to  be  14.6  mm  per  second.  The  velocity 
of  the  dough  hook  on  the  extensograph  used  In  this  work  had  a 
velocity  of  14.3  ram  per  second. 

At  the  outset,  In  order  to  obtain  a  tension  of  200  units 
with  a  balancing  weight  of  630  g,  the  following  setting  was  used: 

n  mechanism  Inside  housing:   Indicator  on  both  upper  and 
lower  scale  set  at  15  units. 

On  arm:  Thirty  hollows  of  thread  showing  from  end  of  arm 
to  first  counterbalance  weight. 

This  setting  was  checked  at  monthly  Intervals  and  It  did  not 
have  to  be  changed  in  the  course  of  this  work  which  was  of  a 
duration  of  a  year. 

The  velocity  of  the  eroph  paper  and  of  the  dough  hook  was 
also  checked  at  monthly  Intervals.  They  remained  constant 
throughout  the  course  of  the  work. 

Kxtenacgraph  Procedure.   Extensograph  procedure  did  not 
vary  as  much  as  did  the  procedure  for  the  farlnograph.  Tech- 
nique for  removing  the  mixed  doughs  from  the  farlnograph, 
weighing  the  dough  sample,  rounding,  molding,  resting  and 
stretching  the  dourh  remained  the  same.  Before  any  actual  de- 
terminations were  made,  several  weeks  were  spent  in  getting 
acquainted  with  the  instrument.  Different  settings  were  tried 
and  the  optimum  one  for  the  work  at  hand  was  adopted.  Differ- 
ent rounding  and  molding  techniques  were  used  to  develop  the 
prooedure  which  gave  the  best  duplicate  results  when  all  other 
factors  were  constant.   This  was  then  accepted  as  the  standard 
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technique  and  was  adhered  to  rigidly.  Likewise,  standard 
technique  was  developed  for  all  other  procedures,  down  to 
the  most  minute  detail* 

It  was  felt  that  this  was  necessary  because  flour  dough 
is  an  extremely  complex  material  In  a  continuous  state  of  change. 
Physical  measurements  of  these  charaoterlstlo  ohanges  that  take 
place  will,  consequently,  be  masked  or  distorted  unlos3  exactly 
the  same  treatment  is  given  to  each  dough.   As  In  all  empirical 
determinations,  the  size  of  the  standard  error  will  decrease, 
the  more  exactly  the  conditions  are  maintained  for  the  meas- 
urements, and  the  srallsr  the  error  the  more  reliable  are  the 
results  for  predictlcn  purposes. 

ftemovln/:  the  Doi^h  from  the  i  arino graph.   The  dou;;h  waa 
removed  from  tho  farinograph  in  a  single  piece,  keeping  the 
surfaco  area  as  small  as  possible.   It  was  handled  as  little 
as  possible  and  the  hands  were  kept  free  of  grease  and  chem- 
icals. From  the  farinograph  the  dough  was  placed  in  a  dry, 
clean  fermentation  bowl  and  covered  with  a  damp  cloth. 

y,ol,-.hlnp;  the  Dough.   Approximately  one-half  of  the  dough 
was  removed  from  the  fermentation  bo».l  and  weighed  on  a  beam 
balance  with  a  150  g  counter-weight.   The  weighing  of  the  150 
g  sample  was  precise  to  within  0.1  g,  tho  excess  dough  being 
out  off  with  a  knife  rathor  than  pinched  off.   After  the 
first  sample  had  been  rounded  and  molded,  and  placed  in  a 
dough  holder,  the  second  aanple  was  weighed,  then  rounded, 
molded,  and  placed  in  the  dough  holder. 


Rounding  tha  Doup.h.   Each  dough  sample  was  rounded  20 
times.   No  dusting  flour  was  added  except  In  extreme  oases  of 
stickiness  when  a  dough  could  not  otherwise  have  been  rounded. 

Molding  the  Dough.   Great  care  wss  taken  in  placing  the 
dough  In  the  raolder  in  order  to  insur  -  a  symmetrical  shape  and 
an  even  seam  In  the  molded  sample.   Ko  dusting  flour  wa3  used 
except  in  instances  of  stickiness  when  the  dough  could  not 
otherwise  have  been  molded.   The  molder-plato  is  fixed  and  can- 
not be  easily  changed  to  regulate  the  diameter  of  the  dough  cy- 
linder.  In  instances  where  the  dough  is  extremely  tight,  with 
the  conventional  setting  of  the  dough  molder  plate,  the  result- 
ing dough  cylinder  is  not  long  enough  to  be  clamped  without 
first  stretching  the  molded  dough  samplo.   Provision  should  be 
made  for  molder— plate  width  adjustments  or  else  dough  holders 
of  possibly  three  sizes  should  be  furnished.   Due  to  correla- 
tion complications  if  different  molder  widths  were  used,  per- 
haps the  simplest  answer  would  be  to  have  three  sizes  of  dough 
holders;  the  present  size  for  normal  doughs,  larger  ones  for 
slack  doughs,  and  smaller  ones  for  tight  doughs. 

If  the  molded  sample  la  not  symmetrical,  uneven  tearing  of 
the  dough  during  3tretchln^  will  result  even  though  the  dough 
hook  is  properly  centered.   The  critical  point  in  the  molding 
process  is  when  the  revolving  drum  first  engages  the  dough- 
ball.   If  tue  dough-ball  Is  not  exactly  centered,  a  nonsymmet- 
rical "sausage"  will  result  which  will  produce  uneven  tearing 
and  an  erroneous  curve. 


44 


Extreme  core  must  be  taken  to  see  that  no  dried  particles 
of  dough  are  3tuok  to  the  molder.   They  will  pit  the  sample 
and  In  some  cases,  If  they  are  strategically  placed,  will  change 
the  courae  of  the  dough  through  the  molder  and  give  an  unsymmet- 
rical  sausage.   V.henover  a  sample  smears  and  thore  is  dough  in 
the  molder,  the  revolving  drum  should  bo  removed  and  the  entire 
molder  thoroughly  cleaned  and  dried. 

Dough  Holder  Technique.  The  thick  cloth  support  was  always 
lightly  greased  with  shortening.   Only  enough  to  keep  the  dough 
from  stlckin;.  was  used.   ",1th  tight  doughs,  it  was  necessary 
to  stretch  them  slightly  in  order  to  clamp  them}  however,  if 
this  were  not  done,  during  stretching  the  dough  tore  at  the 
clamp  rather  than  where  the  dough-hook  engaged  it.   The  result 
was  the  introduction  of  a  very  small  error  in  the  rectifica- 
tion of  a  very  large  one.  Kith  very  slack  doughs,  the  bulb 
ends  of  the  sausage,  Instead  of  being  allowed  to  hang  over  the 
sides  of  the  dough  holder  an  thus  run  and  produce  a  strain  on 
the  central  part  of  the  sausage  during  the  rest  period,  were 
folded  slightly  on  themselves  and  clamped. 

It  was  Important  that  during  the  transportation  of  the 
sausage  from  the  molder  to  the  holder  that  it  be  neither 
stretched  nor  compressed. 

Resting  the  Bough.   The  rest  period  used  throughout  was 
45  minutes,  and  two  rest  periods  were  taken.   After  molding, 
the  dough  was  rested  for  45  minutes,  stretched,  ro-molded, 
rested  again  for  45  minutes,  and  stretched  a  second  time. 
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The  dough  was  rested  In  the  same  kind  of  atmosphere  In 
which  it  was  mixed  In  the  farinograph.   Doughs  mixed  lr.  oxygen 
vera  rested  In  oxygen,  those  mixed  In  air  rested  in  air,  and 
those  mixed  In  nitrogen  rested  in  nitrogen.   A  portable  proof- 
ing cabinet  was  designed,  large  enough  to  hold  one  dough-rest 
plate.   Throe  such  boxes  were  made.   They  were  constructed  of 
light  sheet-metal  with  a  removable  lid  in  front  and  two  metal 
stop-cocks  on  top.   The  lids  were  fitted  with  sponge  rubber 
gaskets  and  motal  clamps,  so  that  when  closed  they  were  air- 
tight and  were  even  able  to  hold  considerable  pressure.   After 
the  dough-rest  plate  with  its  two  holders,  each  cradling  a  dough 
3ausage,  was  placed  in  the  box,  and  the  lid  clamped,  the  rest- 
in  atmosphere  gas  was  flushed  into  the  box  at  30  mm  of  water 
pressure  for  one  minute,  whereupon  both  inlet  and  outlet  stop- 
cocks were  siinultaneously  closed.   The  box  was  then  placed  in 
a  constant  temperature  proofing  cabinet  for  44  minutes. 

In  order  to  assure  that  humidity  conditions  within  the  box 
were  constant,  tho  water-well  in  the  dough-rest  plate  was  kept 
filled  and  the  boxes  were  preheated  for  half  an  hour  in  the 
proofing  cabinet. 

Stretching  the  Dough.   Proper  centering  of  tho  dough  hook 
was  neoessary  to  obtain  even  stretching  of  the  dough  even 
though  the  sausage  had  been  molded  properly.   The  dough  hook 
must  be  positioned  in  the  center  of  tho  exposed  portion  of  tha 
dough  when  it  first  makes  contact  with  it.   If  this  is  not 
done,  tho  dough  strands  will  not  break  evenly  and  simultaneously 
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and  a  ragged  curve  with  a  smaller  P  value  an,;  a  larger  I  value 
than  Is  actually  the  ease  will  result.  The  same  thing  resulta 
when  the  dough  la  not  molded  properly.   The  dough  hook  may  be 
properly  centered  by  moans  of  the  screw  situated  above  it. 

When  the  Initial  setting  was  made  it  was  kept  in  mind  that 
the  kymograph  pen  would  be  at  zero  units  with  no  slack  in  the 
mechanism  when  the  dough  holder  with  a  150  g  sample  was  in  po- 
sition.  This  was  to  insure  that  the  curve  would  begin  at  zero 
units  and  thus  facilitate  the  reading  of  farinogram  heights 
and  render  easier  the  comparison  of  curves. 

During  stretching  the  dou^hwas  left  exposed  to  the  air 
for  as  short  a  time  as  possible. 

Extensof-ram  Symbols,   The  following  extensogram  symbols 
are  used  in  this  work: 

F  =  resistance  to  extension 

El  =  extS"slbillty  to  the  left  of  the  maximum  height 

Eg  ■  extensibility  to  the  right  of  the  maximum  height 

Eg  =  extensibility  due  to  uneven  tearing  of  the  dough 

E  =  extensibility  bounded  by  the  curve 

Et  =  total  extensibility 

A  =  area  to  the  left  of  the  maximum  height 

Ag  ■  area  to  the  right  of  tho  maximum  height 

A  •»  area  under  the  curve 


The   following  equations  may  be   formulated: 

*     ■  El  +  ;;2 

S  "  h  *  E2  ♦  E3  =  E  ♦  Es 

A   =  AX  ♦  A2 
The  subscripts  a,  b,  aa,  and  bb  refer  to  dou^h  duplicate 
and  sequence  of  stretch,  thusj 

Eta  =  total  extensibility  of  the  first  duplicate 
first  stretch  dough 

Efcb  ■>  total  extensibility  of  the  second  duplicate 
first  stretch  dough 

Etaa  =»  total  extensibility  of  the  first  duplicate 
second  stretch  dough 

Etbb  =  totnl  extensibility  of  the  second  duplicate 
second  stretch  dough 

Storage  Study 

The  effect  of  storage  at  different  tenperatures,  80°  P. 
and  50-CO  F.,  and  under  different  gaseous  atmospheres,  oxy- 
gen and  nitrogen,  on  unbleached  standard  hard  wheat  flour  was 
studied  at  approximately  monthly  intervals  for  a  period  of  a 
year.   The  effeots  were  observed  by  making  both  physical  and 
chemical  tests,  the  physical  being  made  with  the  farinograph 
and  the  extensograph  while  the  chemical  ones  were  on  sedimen- 
tation and  photometric  protein  values.   To  find,  further,  the 
effect  of  mixing  and  resting  atmosphere  on  farlnograms  and 
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extenaograras ,  mixes  and  rests  under  oxygen,  air,  and  nitrogen 
were  made  at  each  interval.  A  minimum  of  duplicate  mixes  for 
each  mixing  atmosphere  was  made,  which  gave  at  least  four  sets 
of  extensogram  curves  for  each  mlxinc  atmosphere. 

Description  of  i'lour.   Tha  wheat  used  was  a  standard  hard 
red  winter  mill  mix  of  moderate  pro to 'n  levol  and  was  milled 
on  the  Kansas  State  College  Kill.   The  mean  moisture  was  12.7 
percent,  and  the  mean  protein  was  10.4  on  a  14  percent  moisture 
baals. 

Table  1.  Char-actorxsctlon  of  flour. 


Sack   IKoisturexProtein^s    Flour   t 

number:   mean   :   mean   tdesl -nation: Storage  conditions 

1  IS. 53     10.3      *aU"     Stored  in  sealed  1  gallon 

glass  jars,  under  nitro- 
gen atmosphere,  and  at 
50-60°  F. 

2  12.74     10.1      "Og"     Stored  in  sealed  1  gallon 

la33  jars,  under  oxygen 
atmosphere,  and  at  50-60°  ?. 

3  12.82  10.4     "A"   and   "B"      "A"  flour  stored  in  sealed 

metal  cans  at  80  K.,  and 
"B"  flour  stored  in  sealed 
metal  cans  at  50-60  F. 

4  12.78     10.6      "A"      Stored  in  sealed  metal 

cans  at  80  F. 

5  12.68     10.5   "N„",  "0  "    "N  ",  "0,"  and  "H_t "  flour 

afid  "IUH"     ''storefi  in  soal&d  1 
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gallon  glass  Jars  under 
their  respective  atmos- 
pheres, and  at  50-60°  F. 


14  percent  moisturo  basis. 
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Eaoh  sack  was  blended  In  a  tumbler-type  mixer  for  two  hours 
before  being  put  into  cans  and  Jars. 

The  "A"  ar.d  "B"  flours  were  put  in  cans  holding  about  800 
g  of  flour,  or  enough  for  three  farlnogram  mixes,  as  well  as 
duplicate  moisture,  sedimentation,  and  photometric  determina- 
tions. Once  a  can  was  opened,  the  remaining  flour  was  dis- 
carded if  it  was  not  used  within  24  hours.   Th>'  rims  of  the  lids 
of  the  cans  were  sealed  with  masking  tapo  and  paraffin. 

The  "Og",  "Ng",  ar.d  "H2S"  flours  were  stored  in  5  gallon 
Glass  Jars  with  screw  cap  lids  having  a  metal  outlet  sealed 
by  a  short  piece  of  rubber  tubing  and  a  screw  clamp.  Each  Jar 
contained  800  g  of  flour.   This  left  each  Jar  about  two- thirds 
full,  the  rest  of  the  space  boinc  occupied  by  the  storage  gas. 
Preliminary  experiments  were  run  to  see  how  much  pressure  the 
lids  would  take  without  leakin;  and  the  glass  Jars  without 
breaking.  Gas  pressures  were  determined  by  use  of  a  mercury 
manomoter  which  was  designed  for  the  purpose. 

Apparatus  for  Introducing-  storage  Ga3.   An  apparatus  was 
designed  for  evacuating  the  Jars  of  air,  flushing  them  with  the 
storage  gas,  and,  then,  introducing  the  storage  gaa  under 
pressure.   The  main  feature  was  a  three  way  stop-cock  so  that 
the  system  could  always  be  opened  to  the  storage  Jar  and  the 
manometer,  and  either  the  vacuum  pump  or  the  gas  cylinder. 
In  thi3  way  the  storage  Jar  containing  the  flour  was  evacuated 
of  air,  the  storage  gas  was  allowed  to  enter  to  flush  the  Jar 
with  its  contents  and  then  be  evaucated  itself,  the  storage  gas 


so 


finally  stored  under  pressure  after  successive  flushings,  and 
the  storage  Jar  sealed  with  the  screw  clamp  all  without  dis- 
engaging the  apparatus  until  the  operation  was  oomploted. 

Tho  Jars  were  evacuated  and  flushed  three  times,  and  each 
time  tha  Jar  was  rotated  so  that  the  occluded  air  had  a  chance 
to  escape  from  the  flcur  and  be  replaoed  by  the  storage  gas. 
Each  Jar  was  rotated  in  the  same  manner,  tho  same  number  of 
times,  and  for  two  minutes  with  each  flushing.   Tha  vacuum  used 
was  20  cm  of  mercury  and  the  flour  was  stored  under  a  pressure 
of  10  cm  of  mercury.  As  with  the  metal  cans,  the  rims  of  the 
lids  were  sealed  with  masking  tape  and  paraffin.   In  addition 
to  being  clamped,  the  rubber  tubes  were  stoppered  with  tli  lit 
fitting  glass  pluj  s. 

Preliminary  Experiments.   Prior  to  tho  milling  of  the 
storage  study  flour,  several  preliminary  experiments  were  made 
using  a  standard  stock  flour. 

The  effect  of  mixing  and  resting  in  hydrogen  was  studied. 
Since  the  effect  was  quite  similar  to  mixing  and  resting  in 
nitrogen,  it  was  decided  not  to  use  hydrogen. 

Mixing  was  dono  undor  various  gas  pressures  and  a  pressure 
of  25  mm  of  water  was  regarded  as  optimum. 

Doughs  were  rested  in  gaseous  atmospheres  different  from 
the  mixing  gas  in  order  to  discern  whether  this  variable  had 
any  effect  on  extensogram  values.   No  difference  was  found. 

!  gtw  .:  gtli  p  o  \£mw  ■'  '■■  ■.  Ob  tha  tag  at     lULa  ,   tho 
optimum  absorption  and  mixing  time  was  determined  using  air  as 
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the  mixlnr  atmosphere*   Air  was  used  as  the  mixing  atmosphere, 
since  in  the  past  It  has  been  regarded,  often  unconsciously, 
as  the  standard  procedure.  Strictly  speaking,  absorptions 
should  be  determined  in  an  inert  or  neutral  atmosphere  which 
air  la  not. 

Experimental  Procedure  for  3torago  Study.   Flour  stored 
at  50-60°  F.  was  allowed  to  reach  room  temperature  before  it 
was  used.   A  schedule  was  worked  out  whereby  doughs  could  be 
mixed,  rounded  and  molded,  and  stretched  while  others  were 
being  rested.   General  procedure  for  farinograph  and  extenso- 
graph  as  described  above  was  used. 

The  order  of  mlxln,;  atmosphere  was  varied,  the  first  set 
belnf  oxygon,  air,  and  nitrogen,  while  the  second  set  of  du- 
plicates were  in  the  order  nitrogen,  air,  and  oxygen;  however, 
as  expeoted,  the  mixing  order  had  no  influence  upon  farino- 
graxs  or  extensograms. 

Dou.  h  characteristics  as  described  later  were  made  after 
completion  of  the  different  steps  such  as  mixing,  rounding, 
molding  and  stretching. 

Zeleny  Sedimentation  Study 

The  procedure  of  Zeleny  ( -2)   wa3  used.   A  quantity  of  flour 
equivalent  to  4.00  g  on  a  14  percent  moisture  basis  was  placed 
in  a  100  ml  glass-stoppered  graduate  cylinder  having  a  distance 
of  from  180  to  185  mm  between  tho  zero  and  100  ml  marks.   Fifty 
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milliliters  of  distilled  water  were  added  to  tho  cylinder, 
the  mixture  shaken  for  30  seconds,  and  then  allowed  to  stand 
for  5  minutes;  25  ml  of  dilute  lactic  acid  wera  added,  then 
the  contents  of  the  cylinder  were  mixed  by  inverting  the 
stoppered  cylinder  and  returning  it  to  the  upright  position  10 
times,  taking  care  not  to  shake  the  cylinder.   Immediately  after 
mixing,  the  cylinder  was  placed  in  an  upright  position  and  tim- 
ing with  a  stop-watch  was  started.  After  an  interval  of  exactly 
5  minutes  the  volume  of  tho  solid  phase  of  the  material  in  the 
graduate  was  read.   This  volume  in  milliliters  is  the  "sedimen- 
tation valuo"  of  the  flour* 

The  dilute  lactic  acid  is  prepared  by  diluting  250  ml  of 
85  percent  lactic  acid  to  1000  ml.   The  diluted  acid  must  be 
allowed  to  stand  for  at  least  3  weeks  before  use,  or  refluxed 
at  its  boiling  taniporaturo  for  6  hours  without  loss  of  volume 
and  cooled  to  room  temperature  before  use. 

A  coloring  solution  to  facilitate  reading  was  used 
occasionally.   Tho  formula  for  preparation  (private  communica- 
tion) being  one  g  of  acid  fuchsin  per  liter  of  distilled 
water,  and  the  testing  solution  being  15  ml  of  tho  stock  so- 
lution diluted  to  18  or  20  liters  with  distilled  water. 

In  this  study  determinations  were  done  In  duplicate  at 
approximately  monthly  intervals  for  each  flour. 
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Zeleny  Photometric  Protein  Study 

The  procedure  of  Zeleny  (31)  was  used.   To  exactly  0.5  g 
of  the  sample  in  a  130  ml  centrifuco  tube  that  could  be  stop- 
pered, 100  ml  of  0.05  N  KOH  solution  were  added*   The  stoppered 
tube  was  shaken  intermittently  for  about  3  minutes,  the  stoppers 
removed,  and  the  tube  was  centrifuged  for  10  minutes  at  approx- 
imately 1800  rpm.   Care  was  taken  to  see  that  any  flour  lumps 
which  formed  were  completely  broken  up  before  centrifuglng. 

To  exactly  5  ml  of  the  eentrlfugato  in  a  photometer  test 
tube  were  added  exactly  25  ml  of  a  buffer  solution  made  by  mix- 
in:  6  parts  by  volume  of  0.2  M  KHgPO^  with  94  parts  by  volume 
of  0.2  H   HagHPOi.  (This  buffer  should  have  a  pH  of  7.8  and 
should  be  preserved  by  the  addition  of  1  ml  of  toluene  per 
liter  of  solution.)  The  contents  of  the  test  tube  were  mixed 
by  inversion  5  tines  and  allowed  to  stand  for  1  hour. 

The  transmission  of  light  through  the  solution  in  the  test 
tube  was  determined  with  a  photoelectric  photometer,  usinc  a 
light  filter  having  a  maximum  transmission  at  a  wave  length  of 
530  millimicrons,   (othar  wove  lengths  will  (ive  different  but 
equally  satisfactory  results.) 

Sodium  Chloride  Study 

This  study  was  undertaken  primarily  as  a  preliminary  for 
the  potassium  bromate-sodium  chloride  study.   It  was  deslrod  to 
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know  what  properties  would  be  encountered  in  doughs  with  NaCl 
contont  as  high  as  10  and  15  percent.   :;inco  a  more  extensive 
study  was  to  be  done  later,  it  was  decided  that  for  this  pre- 
liminary study  only  air  mixes  would  be  made  (since  air  mlxea 
are  intermediate  in  magnitude  for  extensogram  curve  sizes), 
leaving  the  study  of  oxygen  and  nitrogen  mixes  until  later. 

"B"  flour f  stored  129  days,  was  used,  with  the  optimum 
absorption  and  mixing  time  using  air  as  the  "standard"  mixing 
atmosphere.   The  optimum  absorption  was  found  to  be  64.0  per- 
cent.  V.ith  this  absorption,  a  maximum  farinogram  height  of  500 
was  obtained  after  3  minutes  25  seconds  mixing.   This  was  used 
as  thu  mixing  time. 

Farinograph  and  extensograph  procedures  were  the  same  as 
described  previously. 

The  sodium  chloride  solutions  were  made  up  on  tho  basis 
of  grams  of  NaCl  dissolved  into  100  ml  of  water.   Seven  con- 
centrations, 0,  1,  2,  3,  5,  10,  and  15  percent,  of  salt  ware 
used. 

Potassium  Bromate  Study 

One  of  thd  objects  of  this  study  was  to  determine  if  a 
synergistic  effect,  as  expressed  through  farinogram  and  exten- 
sogram  valuos,  existed  between  aalt  and  knnt6.   It  was  further 
ceslred  to  know  tho  added  effect  of  different  concentrations  of 
of  oxygen  in  the  mixing  atmosphere. 
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Five  concentrations  of  salt,  0,  1,  5,  10,  and  15  percent; 
three  concentrations  of  bromate,  0  ra^,,  3  Htg,  and  30  lag;  and 
three  mixing  atmospheres,  oxygen,  air,  and  nitrogen  war©  used 
making  a  total  of  45  mixes*   In  order  to  minimise  the  storage 
effect,  the  series  was  completed  as  quickly  as  possible,  five 
days  being  required.   Optimum  absorption,  and  the  0,  5,  and  15 
percent  NaCl  mixes  of  the  first  day's  wore  repeated  at  the  end 
of  the  series  and  no  significant  changes  were  present,  indi- 
cating that  storage  was  an  invariant. 

Solutions  were  made  up  a  day  before  usln^;  thus  the  next 
day's  solutions  being  made  up  the  evening  beforo,  after  the 
day's  farlnograph  and  oxtenaograph  work  had  been  finished. 
Salt  was  on  the  basis  of  grams  per  100  ml  of  water  and  bromate 
on  the  basis  of  milligrams  per  100  grams  of  flour,  the  ab- 
sorption of  the  flour  entering  into  the  calculation  when  the 
amount  of  potassium  bromate  to  be  added  to  the  solution  waa  de- 
termined. 

The  flour  used  ("B"  flour)  had  been  stored  255  days  when 
the  study  began  and,  from  analysis  of  tha  storage  data  of  this 
flour,  with  this  amount  of  storage  farino(,rams  and  extensograms 
were  not  subject  to  significant  change  within  a  week. 

The  optimum  absorption  was  65.0  and  the  mixing  time  was 
5t00  minutes. 

Farlnograph  and  extensograph  procedures  were  the  same  as 
those  described  previously. 
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Ball-milled  I-'lour  Study 

Thla  study  was  designed  to  find  the  effect  of  ball  mill- 
ing on  farinograms,  extensor-rams,  and  eleny  sedimentation  and 
photometric  protein. 

The  "A"  flour  was  used  arid  had  been  stored  for  54  days* 
Three  sets  of  determinations  were  made:  zero  time,  24  hours, 
and  48  hours  of  ball  milling.   After  ball  milling  time  had 
boon  completed,  the  flour  was  stored  in  sealed  cans  at  80°  I- . 
until  used.   Immediately  after  ball  milling,  duplicate  moisture 
determinations  were  made.   Duplicate  sedimentation  and  photo- 
metric protein  determinations  were  begun  two  hours  after  com- 
pletion of  ball  milling  an  farlnograph  mixing  started  six 
hours  after  ball  milling. 

The  absorption  used  wa3  61.2  with  a  mixing  time  of  3|10 
minutes.   This  wa3  tha  optimum  absorption  of  the  "A"  flour  with 
zero  days  storage,  oxygen  was  used  as  the  mixing  atmosphere 
since  It  was  believed  that  thereby  the  differences  would  be 
greater.  Two  percent  NaCl  was  used  to  further  condition  the 
doughs • 

Farlnograph,  extensograph,  sedimentation,  and  photometric 
protein  procedures  were  the  same  as  those  described  previously. 
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Comparison  Study  Between  Tarlnograph  and 
nobart-Cwanson  Mixers 


Since  there  was  a  possibility  that  the  acid  and  base 
studies  might  affect  the  lining  of  the  farinograph  bowl,  It 
was  decided  to  use  the  Hobart-Swanson  mlxar  in  the  studiea 
involving  them;  consequently,  it  was  dealrad  to  know  if  sim- 
ilar extensograms  roaulted. 

In  pursuance  of  this,  it  was  desired  to  know  If  mixing 
with  the  Hobart-Swanson  mixer  could  j-ive  extensograms  which 
express  the  development  of  a  dough  due  to  the  addition  of  KaCl 
as  does  mixing  with  the  farinograph.   For  this,  flour-water 
and  flour-water-S  percent  NaCl  dough  systems  were  used. 

Another  object  was  to  ascertain  whether  or  not  the  Hobart- 
Swanson  mixer  could  j^ive  extensorrams  which  express  different 
storage  treatment  of  the  same  flour  as  does  ml*in»-  with  the 
farinograph.  For  this  the  "A"»  "B",  "02"  and  "N„"  floura  were 
used. 

The  mixing  time  was  1  minute  and  5  seconds  and  the  ab- 
sorption was  62.9,  as  in  the  other  studies  involving  the 
Swanson-IIobart  mixer.   The  high  speed  was  used. 

Extensograph  procedure  was  the  same  as  that  used  in  the 
storage  study. 
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"A"  Flour-Hydrochloric  Acid  study 

One  of  the  objects  of  this  study  was  to  determine  the  ef- 
fect of  hyiroehloric  acid  on  a  flour-water-2  percent  Mod  dough 
system  as  expressed  through  extenso,  ram  values. 

Since  it  was  decided  that  the  acid  might  affect  the  farlno- 
graph  bowl,  doughs  were  mixed  in  a  Hobart-Swanson  mixer  using 
the  high  speed.  The  mixing  time,  as  in  the  other  acid  and  base 
studies,  was  1  minute  5  seconds  and  the  absorption  was  62.9. 

Eleven  concentrations  of  hydrochloric  acid,  0.000,  0.050, 
0.100,  0.125,  0.150,  0.200,  0.250,  0.300,  0.400,  0.450,  and 
0.500  normal  solutions,  were  U3ed. 

The  "A"  flour  was  used  for  the  study  and  had  been  stored 
for  90  days  in  sealed  cans  at  80°  p. 

1'Jxtensograph  procedure  was  the  same  a3  that  used  in  the 
storage  study. 

"A"  Plour-Acotio  Acid  study 

One  of  the  objectives  of  this  study  wa3  to  determine  the 
effect  of  acetic  acid  on  a  flour-water-2  percent  *?aCl  dough 
system  as  expressed  through  extensogram  values. 

Since  it  was  deolded  that  the  acid  might  affect  the  farlno- 
graph  bowl,  doughs  were  mixed  in  a  Hobart-  wanson  mixer  using 
tho  high  speed.  The  mixing  time,  as  In  the  other  acid  and  base 
studios,  was  1  minute  5  seconds  and  tho  absorption  was  62.9. 
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Six  concentrations  of  acetic  acid,  0.000,  0.050,  0.125, 
0.200,  0.250  and  0.300  normal  solutions,  were  used. 

The  "A"  flour  was  used  for  the  study  and  had  been  stored 
for  97  days  in  sealed  cans  at  80°  F. 

Ex tenao graph  procedure  was  the  same  as  that  used  in  the 
storage  study. 

Storage-Aoid-Base  Study 

One  of  the  objects  of  this  study  was  to  determine  the 
effects  of  different  storage  time  and  storage  conditions  on 
flour  mixed  with  equal  amounts  of  acid  and  base.   The  flour 
stored  under  the  "A",  "B",  "Og"  and  "Ng"  conditions  was  used. 
Both  flour-water  and  flour-water-2  percent  HaCl  dough  systems 
were  used  in  conjunction  with  the  added  increment  of  acid  or 
base,  and  various  normalities  of  acid  and  base  were  used. 

As  with  other  studies  Involving  the  Hobart-Swanson  mixer, 
the  mixing  time  was  1  minute  5  seconds  and  the  absorption  was 
62.9.   The  high  speed  of  the  mixer  was  employed. 

Extensograph  procedure  was  the  same  as  that  described 
previously. 

Hydrogen  Sulfide  Study 

One  of  tho  objects  of  this  study  was  to  find  the  effect  of 
acid  and  base  upon  untreated  and  Agonized  flour  stored  under 
an  atmosphere  of  hydrogen  sulfide. 
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Whan  tho  farinograph  was  employed  as  the  mixer,  the  ab- 
sorption used  (61.2)  was  the  same  as  that  used  in  the  storage 
study,  and  the  dough  was  mixed  3  minutes  15  seconds,  the  mix- 
ing time  being  determined  when  the  storage  of  the  flour  began. 
It  was  decided  tc  do  the  farinograph  mixing  under  oxygen  only 
in  order  to  decrease  the  slackening  effect  of  the  HgS  as  much 
as  possible.   :.ven  so,  the  dough  of  the  oxygen  mix  was  so 
sticky  that  it  could  be  neither  rounded  nor  molded. 

In  order  to  condition  the  dough  enough  to  be  able  to  make 
extensogram  determinations,  it  was  decided  to  decrease  the 
absorption,  keeping  the  mixing  time  as  invariant.  The  ab- 
sorption had  to  bo  lowered  to  55.0  (with  2  percent  Ifacl)  before 
a  dough  could  be  handled;  even  30,  the  second  stretch  of  this 
dough  was  too  sticky  to  be  rounded  and  molded. 

When  acid  or  baso  was  employed,  the  normality  used  was 
0.250.   Thio  normality  was  used  because  in  previous  studies 
it  was  foun.i  that  maximum  extensogram  F  values  were  obtained 
with  0.250  normal  solutions. 

Vihen  the  Hobart-Swanson  mixer  was  used,  the  absorption  was 
62.9,  the  mixing  time  was  1  minute  5  seconds,  and  the  high 
speed  was  used. 

Extensograph  procedure  was  the  same  as  that  described 
previously. 


61 


Absorption-Storage  Study 

The  objectives  of  this  study  were  to  determine  If  optimum 
absorption  of  a  flour  changes  with  age,  and  to  find  the  effect 
of  storage  temperature  and  sub-optimum  absorption  on  farlno- 
grams  Bid  extensogra  s  of  flour-water  systems* 

Optimum  absorptions  were  determined  on  the  day  of  milling, 
after  129  days  of   storage  and  after  255  days  of  storage.   In 
eaoh  ease  the  optimum  absorption  was  considered  to  be  when  the 
maximum  consistency  or  minimum  mobility  wa3  at  500  Brabender 
units* 

The  flour  used  in  the  storage  temperature-sub-optimum 
absorption  study  was  untreated  flour  stored  in  cans  at  50-60°  F. 
The  control  flour  was  the  same  untreated  flour  stored  in  cans  at 
80°  F.   In  both  instances  the  flour  had  boon  stored  two  weeks 
when  farinograms  and  extenso^rans  wero  made. 

Other  conditions  and  procedure  were  the  same  as  those  that 
prevailed  in  the  storage  study. 

Dough  Handling  Charac tori sties 

As  experience  in  handling  the  dough  Increased,  certain 
characteristic  properties  wero  noticed.  An  attempt  was  made  to 
systematize  and  evaluate  them  on  qualitative  lines  in  a  manner 
summarized  as  follows: 
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Observation 

!    Qualitative  ova 

Luation 

:  ton  observed 

:    Description 

:  Symbol 

Moisture  condition 

Very  dry 

+2 

After  mixing 

Dry 

+1 

and  after  first 

Kedlum 

0 

and  second 

'.3t 

-1 

rouniUngs 

Very  wet 

-2 

Extensibility 

Very  stiff 

+2 

After  mixing 

Stiff 

+1 

and  after  first 

Neutral 

0 

and  second 

Slightly  limp 

-1 

rests 

Limp 

-2 

Very  llrap 

-3 

Kunning 

-4 

Stickiness 

Very  cohesive 

+3 

After  mixing 

Cohesive 

+2 

and  after  first 

Slightly  cohesive 

+1 

and  second 

Neutral 

0 

rounding s 

Slightly  adhesive 

-1 

Adhesive 

-2 

Very  adhesive 

-3 

Color 

Chalky  white 

+2 

After  mining 

White 

+1 

and  after 

Creamy 

0 

second  stretch 

Creamy  yellow 

-1 

Yellow  rreen 

-2 

Surface  of  dough 

Velvety 

+2 

After  first 

ball 

Smooth 

+1 

rounding  and 

Rough 

-1 

after  second 

Pitted 

-2 

rounding 

Length  of  dough 

Very  long 

+2 

After  first 

cylinder 

Long 

+1 

molding  and 

Medium 

0 

after  second 

Short 

-1 

molding 

Very  short 

-2 

Shape  of  dough 

Very  concave 

+2 

After  first 

cylinder 

Concave 

+1 

and  second 

Cylindrical 

0 

Moldings 

Convex 

-1 

Very  convex 

-2 
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EXPERIMENTAL  I-'KH.'LTS 


Preliminary  Studies 


In  addition  to  conductlnc  several  preliminary  studies  on 
stock  flour,  somo  were  conducted  on  the  storage  flour.   In  each 
of  these  cases  the  difference  In  flour  had  no  Influence  on  the 
farinogram  or  extensogram  value  relationship  with  regard  to 
the  exporiment  being  conducted. 

Effect  of  Mlxlnr;  and  iiesting  in  Various  Atmospheres.   The 
effect  of  mixing  and  resting  doughs  in  atmospheres  of  oxygen, 
nitrogen,  and  hydrogen  on  farinograph  and  extenaograph  char- 
acteristics is  shown  in  Table  2.  Farinogram  and  extensogram 
values  of  doughs  mixed  and  rested  in  hydrogen  were  quite  sim- 
ilar to  those  mixed  and  rested  in  nitrogen. 

Effect  of  Mixing  Under  Various  Ca3  Pressures,   it  was  found 
that  farinograms  and  extenso trams  were  influenced  by  the  gas 
pressure.  Farinograms  and  extensograms  of  doughs  mixed  in 
oxygen  and  nitrogen  when  the  gas  pressure  was  below  10  mm  were 
practically  identical  with  those  mixed  in  air;  however,  with  a 
pressure  of  25  mm,  farlnognm  heights  and  extensogram  force 
values  were  higher  when  mixed  in  oxygon  and  lower  when  mixed 
in  nitrogen  than  when  mixed  in  air. 

When  tho  pressure  was  above  35  mm,  height  and  force  values 
were  slightly  higher  In  oxygon  mixes  and  slightly  lower  in 
nitrogen  mixes.  This  meant  that  at  25  mm  the  mixing  bowl  was 
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not  cleared  of  air  ao  rapidly  that  its  influence  wa3  not  re- 
corded in  the  farlnograms  and  extenacerams.  As  was  stated 
previously,  it  was  not  necessary  to  have  a  pure  atmosphere  in 
the  bowl  throughout  the  mixing  time,  since  a  gaseous  replace- 
ment at  25  ma  effected  satisfactory  differences  which  illus- 
trated the  influence  of  mixing  atmosphere  on  curve  character- 

lstlC3. 


Table  3. 

Tffect  on 

extensograaa  of 

rooting  in 
10  sphere.* 

an 

atmos 

phere 

different  than  mixing  atn 

Curve 
character- 

Resting atmosphere 

istic 

Oxygen 

• 

Air 

Mitr 

igm 

Mixed  ir 

oxygen 

Pa 

4 

.95 

4.50 

4.80 

_ 

4 

.80 

_ 

Paa 

9 

.10 

9.30 

9.20 

_ 

9 

.05 

_ 

Ea 

17 

.35 

17.60 

17.45 

- 

17 

.25 

m 

.  aa 

12 

.00 

12.65 

12.75, 

- 

12 

.70 

- 

Klxed  in  air 

Fa 

3 

.65 

- 

3.55 

3.60 

i 

.50 

Faa 

4 

.10 

- 

3.80 

4.20 

8 

.80 

m. 

Ea 

20 

.05 

- 

19.90 

20.10 

20 

.15 

_ 

Baa 

18 

.80 

- 

19.15 

19.85 

19 

.60 

- 

i 

Mixed  in  nitrogen 

Fa 

2 

.60  - 

- 

2.55 

- 

2 

.50 

2.50 

Faa 

2 

60 

- 

8.35 

- 

2 

.30 

2.45 

Ea 

21 

30 

- 

21.40 

- 

22 

.20 

21.65 

Eaa 

21 

65 

— 

21.70 

- 

21 

45 

21.70 

1  Flour  uaed  was  "A"  flour  atored  54  days,  absorption  61.2  per- 
cent with  2  percent  NaCl,  anJ!  mixing  time  3:15  mlnutos. 


Effect  of  Resting  in  Atmosphere  Different  than  Mixing  At- 
mosphere. As  recorded  in  Table  3,  it  was  found  that  resting 
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atmosphere  different  than  mixing  atmosphere  had  little  effect 
upon  extensogram  F  and  E  values.  V.ith  reference  to  the  mixing 
atmosphere,  however,  an  increase  in  oxygen  in  the  resting  atmos- 
phere caused  increases  in  F  values  anJ  decreases  in  E  values 
creator  in  magnitude  than  differences  between  duplicate  mixes. 


Determination  of  Optimum  Absorption  and  Mixing 
Time  for  Flour  Used  In  storago  Study 


The  results  of  a  series  of  air  mixes  made  to  determine  the 
optimum  absorption  and  mlxlnr;  time  of  the  storage  flour  direct- 
ly after  milling  for  both  flour-water  and  the  flour-water-2  per- 
cent NaCl  systems  are  shown  in  Table  4.  For  the  flour-water 
system,  the  optimum  absorption  was  62.9  percent  with  a  raiding 
time  of  2:30  r.inutes.  For  the  flour-water-2  percent  NaCl 
system  it  wa3  61. E  percent  with  a  mixing  time  of  3:15  minutes. 


Tablo  4.  Optimum  absorption  and  mixing  time  of  storage  study 
flour. 


Dough  system 

:  riour-water-2  percent  NaCl 


Flour-Y.-ator" 
Absorp-:Farinocram:  Mixing  time  :Absorp- :  Far  ino;  ram  .-Mixing  time 
tion  :  height  ;  minutes  :  tlon  :  height  ;  minutes 

2t40 

3:05 

3  j  15* 

3«15* 

3il5* 

3s2S 

3:35 


G1.0 

540 

62.8 

500* 

62.9 

500* 

63.0 

500* 

63.1 

495 

63.2 

490 

2:05 

59.0 

560 

2:25^:- 

60.5 

520 

2:30* 

61.1 

505* 

2:30* 

61.2 

500* 

2:30 

61.3 

495* 

2:40 

61.5 

485 

62.0 

470 

Mean  of  duplicate  determinations. 
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Storage  Study 

The  purpose  of  thlg  study  was  to  find  the  effect  of  storage 
on  the  same  flour  stored  under  different  conditions  of  temper- 
ature and  atmosphere.   This  effect  In  the  case  of  farlnogrozis 
and  extenaograma  also  Included  the  effect  of  mixing  In  different 
atmospheres. 

The  complete  data  are  recorded  in  Tablet)  A,  B,  C,  D,  and  E 
In  tho  Appendix,  from  which  tho  followlnc  results  were  found: 

Chanp.ea  in  Farinogram  Values .   f-or  the  sake  of  easier  com- 
prehension, changes  In  farinogram  values  are  categorized  accord- 
ing to  the  effect  produced  by  the  different  variables,  first 
singly  and  then  In  combination. 

1.  Kffect  of  Storage.   As  a  general  rule,  Irrespective 
of  storage  atmosphere,  storage  temperature,  and  mixing  atmos- 
phere, farinogram  heights  increased,  farinogram  widths  decreased, 
and  the  h/w  relationship  increased  with  storage.  For  raw  data 
on  this  and  following  effects,  soe  Table  A  in  Appendix. 

2.  tffect  of  Mixing  Atmosphere.  Oxygen  generally  caused 
all  farinogram  values  to  increase,  regardless  of  time,  storage 
temperature,  or  storage  atmosphere;  thus  farlnogr&m  values  of 
doughs  mixed  in  oxygen  v:ero  highor  than  those  of  their  re- 
spective doughs  mixed  in  air,  and  those  in  air  were  higher  than 
tho.ie  mixed  in  nitrogen.  Some  hA'<  values  were  exceptions  to 
this  rule;  there  bein,-  reversals  of  this  trend  with  "A"  flour 
from  56  days  of  3torafe  onward  and  with  "B"  flour  from  202  days 
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onward. 

3.  Fffoct  of  Storage  Temperature.  Farlnograra  heights 

were  usually  higher  with  "A"  flour  than  they  wero  with  "b"  flour, 
as  were  farlnogram  widths.  No  ovorall  conclusion  concerning 
H/w  values  could  be  made  without  Involving  mixing  atmospheres. 

4.  Effect  of  Storages  Atmosphere.  Heights  of  flour  stored 
under  nitrogen  were  higher  than  those  stored  under  oxygen,  and 
FH  values  of  "Og  Changed"  an  "Ng  Changed"  flours  were  higher 
than  those  of  their  respective  parent  flours.  Farinogram 
widths  of  flour  stored  under  nitrogen  were  higher  than  those 
stored  under  oxygen.  Mo  significant  differences  were  found  be- 
tween the  flours  whose  atmosphere  was  periodically  changed  and 
those  which  were  not.  h/w  values  of  "Ng"  flour  were  higher 
than  those  of  "Og"  flour  and  FH  values  of  "Og  Changed"  and 

"!I2  Changed"  flours,  as  a  general  rule,  were  higher  than  their 
respective  parent  flours. 

5.  Effect  of  Changing  of  Storage  Atmosphere.   Perlodlo 
changing  of  storage  atmosphere  effected  an  Increase  in  H  values 
of  "0g  Changed"  and  "Ng  Changed"  flours  over  their  respective 
parent  flours,  "Og"  and  "Ng"  flours.  W  values  were  slightly 
less  for  the  flours  whose  atmospheres  were  changed  than  they 
were  for  the  respective  parent  flours.  H/B  values  of  "0p  Changed" 
and  "N0  Changed"  were  slightly  higher  than  were  their  respective 
parent  flours. 

6.  Kffect  of  storage  and  Mixing  Atmosphere.  The  relative 
relationship  of  farlnogram  H,  W  and  H/w  values  between  the  three 
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mixing  atmospheros  was  not  significantly  affected  by  storage. 

7.  Effect  of  Storage  and  Storage  Temperature.  Tho  com- 
bined effect  of  storage  and  storage  temperature  could  not  be 
ascertained  Independently  of  the  mixing  atmosphere.  Storage 
significantly  loitered  "B"  flour  W  values  mere  than  it  did  "A" 
flour.   "B"  flour  H/W  values  increased  more  with  storage  than 
did  those  of  "A"  flour. 

8.  Effect  of  Storage  and  Storage  Atmosphere.  The  relative 
relationship  of  farlnogram  H,  W  and  h/W  values  between  "0„"  and 
"Ng"  flours  was  not  affected  by  storage. 

9.  Effect  of  Storage  and  Changing  of  Storage  Atmosphere. 
Farlnogram  heights  of  "Og  Changed"  an;!  "Hg  Changed"  flours  in- 
creased with  storage.  There  was  no  appreciable  change  in 
farlnogram  widths.  The  H/w  relationship  lncroased  with  storage, 
as  did  the  means  of  the  H/w  values  of  tho  different  atmosphere 
mixes.  For  "Og  Changed"  flour  the  mean  H/w  value  for  288  days 
was  347,  for  326  days  it  was  360,  and  for  358  days  it  wa3  349. 
For  "Kg  Changed"  flour  the  mean  h/w  value  for  888  days  was  352, 
for  320  days  It  was  373,  and  for  351  days  377. 

10.  Effect  of  Mixing  Atmosphere  and  storage  Temperature. 
The  effect  of  mixing  atmosphere  on  f arinogrum  heights  was  great- 
er for  "A"  flour  than  it  was  for  "B"  flour. 

No  statement  concern! n;    farlnogram  widths  could  be  made 
without  introducing  the  storage  factor.  The  effect  of  mixing 
atmosphere  on  H/W  values  was  greater  for  "A"  flour  than  It  waa 
for  "B"  flour. 
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11.  Effect  of  Mixing  Atmosphere  and  Storage  Atmosphere. 
The  effect  of  mixing  atmosphere  on  farinogram  heights  was  great- 
er for  "02"  flour  than  it  was  for  "»2"  flour.  The  storage  factor 
influenced  farinogram  widths  so  greatly  that  no  overall  state- 
ment concerning  mixing  and  storage  atnosphere  alona  could  be 
made.   The  effect  of  mixing  atmosphere  on  n/w  values  was  great- 
er for  "Og"  flour  than  it  was  for  "N2"  flour. 

12.  E'ffeot  of  Mixing  Atmosphere  and  Changing  of  Storage 
Atmosphere.  Tha  effect  of  mixing  atmosphere  on  H  values  was 
greater  for  "Og  Changed"  flour  than  it  was  for  "Ug  Changed" 
flour.   No  ovorall  statements  concerning  W,  and  H/to  values  could 
be  made  without  introducing  the  storage  factor. 

13.  Hffect  of  Storage,  Mixing  Atmosphere,  and  Storage 
Temperature.  When  the  effects  of  the  variables  time,  mixing 
atmosphere,  and  storage  temperature  were  oombined,  farinogram 
heights  increased  as  the  storage,  amount  of  oxygen  in  the  mix- 
in;  atmosphere,  and  the  storage  temperature  increased. 

However,  the  influence  of  the  mixing  atmosphere  at  certain 
periods  of  storago  caused  decreases  in  H  values.  For  "a"  flour, 
nitrogen  mix,  H  values  decreased  from  525  at  54  days*  storage 
to  515  at  175  days'  storage  before  an  increase  began  again. 
For  "A"  flour,  air  mix,  H  values  were  at  a  plateau  of  550  from 
54  to  190  days  of  storage,  and  "A"  flour,  oxygen  mix,  had  a 
plateau  of  565  from  54  to  124  days'  storage.  »B"  flour,  nitro- 
gen mix,  H  values  did  not  decrease  with  storage  but  a  plateau  at 
550  was  reached  after  233  days  of  storage.  This  plateau  lasted 
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until  the  end  of  the  study  at  365  days'  storage.  Air  and 
oxygen  mixes  had  plateaus  of  longer  duration. 

The  change  in  farlnogram  heights  wrought  by  a  year  of 
storage  was  "A"  flouri  oxygen  mix,  625-5S5  or  90  units}  "A" 
flour,  air  mix,  595-500  or  95  units;  "a"  flour,  nitrogen  mix, 
560-460  or  100  units;  MB"  flour,  oxygen  mix,  500-535  or  45 
units;  "B"  flour,  air  mix,  565-500  or  66  units;  and  "B"  flour, 
nitrogen  mix,  550-460  or  90  units. 

The  overall  effect  on  farlnogram  widths  was  complicated  by 
the  fact  that  opposite  forces  were  at  work;  storage  decreased 
1/  values  while  storage  temperature  increased,  and  incraase  in 
oxygen  in  the  mixing  atmosphere  Increased  W  values.   However, 
the  overall  effect  was  one  of  decrease  because  the  V?  values 
of  the  oxygen  mixed  "A"  flour  with  a  year  of  storage  were 
lower  than  the  nitrogen  mixed  "B"  flour  with  zero  days'  stor- 
age. 

The  decrease  in  farlnogram  widths  brought  about  by  a 
year  of  storage  was  0.13  cm  for  oxygen  mix  "A"  flour;  0.04  cm 
for  air  mix  "A"  flour;  0.C3  cm  for  nitrogen  mix  "A"  flour; 
0.23  em  for  oxygen  mix  "B"  flour;  0.20  cm  for  air  mix  "B"  flour; 
and  0.25  cm  for  nitrogen  mix  "B"  flour.  This  decrease  was  a 
gradual  and  a  progressive  one  for  "B"  flour,  but  for  nAn  flour 
nitrogen  and  air  mixes  their  curves  reached  their  lowest 
around  140  days  of  storage,  the  decrease  for  "A"  flour  nitro- 
gen mix  being  0.16  cm,  and  for  "A"  flour  air  mix  0.17  cm.  The 
decrease  wa3  a  gradual  and  progressive  one  for  "A"  flour  oxygen 
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mi*  with  the  lowest  value  after  a  year  of  storage. 

When  the  effects  of  the  variables  time,  mixing  atmosphere, 
and  storage  teraporature  were  combined,  the  H/w  relationship 
increased  as  the  storage  tire,  amount  of  oxygen  in  the  mixing 
atmosphere,  an  J  the  storage  temperature  increased.   Fl/v;  values 
for  "B"  flour  increased  more  than  "A"  flour  after  60  days  of 
storage,  and  up  to  that  time  there  was  no  significant  differ- 
ence between  storage  at  80°  F.  and  at  50-60°  F. 

14.   Effect  of  Storage,  Mixing  Atmosphere,  and  Stora,"* 
Atmosphere.   The  combined  effect  on  farlnograra  heights  was  such 
that  the  duration  of  the  plateau  increased  with  Increase  of 
oxygen  in  the  mixing  atmosphere,  and  that  the  downward  dip  in 
the  curves  after  approximately  60  days'  storage  decreased  in 
like  manner  until  with  oxygen  mixes  there  was  no  decrease  for 
"Og"  flour  and  very  little  for  "Ng"  flour. 

The  refrigeration  unit  of  the  cold  room  was  in  erratic 
working  order  from  45  to  66  days'  storage  which  may  acoount 
for  the  anomolous  "Og"  flour  values  for  49  days'  storage. 

The  change  in  fai-inogram  heights  brought  about  by  a  year 
of  storage  was  "Og"  flour,  oxygen  mix,  570-535  or  35  units; 
"02"  flour,  air  mix,  540-500  or  40  units;  "Og"  flour,  nitrogen 
mix,  515-460  or  55  units;  "Hg"  flour,  oxygen  mix,  590-535  or 
55  units;  "Mg"  flour,  air  mix,  560-600  or  60  units;  "N0"  flour, 

m 

nitrogen  mix,  545-460  or  85  units. 

The  overall  effect  on  farlnogrnm  widths  was  one  of  de- 
crease. In  addition,  regardless  of  storage,  with  few  exceptions, 
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the  magnitude  of  the  R  values  were  in  this  decreasing  order: 
"Og"  flour,  oxygon  mix;  "Ng"  flour,  oxygen  mix;  "Og"  flour, 
air  mix;  "Og"  flour,  nitrogen  mix}  "Ng"  flour,  air  mix;  and 
"Kg"  flour,  nitrogen  mix.   In  all  oases,  tho  values  of  oxygen 
mixes  were  highest,  air  mixes  intermediate,  and  nitrogen  mixes 
lowest  for  the  same  period  of  storage. 

Tho  overall  effeot  on  the  Il/w  relationship  was  one  of 
increase. 

Farinogram  H,  W  and  R/n   values  of  "0"  flour  were  loner 
than  those  of  "02  Changed"  flour,  and  thoso  of  "N2"  flour  were 
lower  than  those  of  "Ng  Changed"  flour. 

Changes  in  Extensof.ram  Values.   For  the  sake  of  easier 
comprehension,  changes  in  extensogram  values  are  categorised 
according  to  the  effect  produced  by  the  different  variables, 
first  singly  and  then  in  oomblnatlon. 

1.  tffect  of  Storage.   Force  (F)  values  Increased,  exten- 
sibility-under- the-curvo  (I.)  values  decreased,  and  area  (A) 
values  incraasod  with  storage.   For  raw  data  on  this  and  fol- 
lowing effects,  see  Tables  B,  C,  D,  an:  E  in  tho  Appendix. 

2.  vffeot  of  Mixing  Atmosphere.  F  values  of  doughs  mixed 
in  oxygen  were  highest,  those  mixed  in  air  interaedlata,  and 
those  in  nitrogen  lowest.  B  values  of  doughs  mixed  in  oxygen 
were  lowest,  these  mixed  in  air  intermediate,  and  those  in 
nitrogen  highest.  A  values  of  oxygen  mixed  doughs  were  higher 
than  those  of  doughs  mixed  in  air,  and  nitrogen  mixed  A  values 
were  lowest,  although  this  difference  was  not  as  great  as  with 
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F  values. 

3.  Effect  of  Storage  Temperature.   "A"  flour  F  value* 
were  larger  than  "B"  flour  F  values,   "a"  flour  i:  values  were 
smallar  than  "B"  flour  E  values.   "A"  flour  A  values  were 
larger  than  "B"  flour  A  values. 

4.  Kffeot  of  storage  Atmosphere.   "0g"  flour  F  values 
tended  to  bo  larger  and  "0g"  flour  E  values  tended  to  be  smaller 
than  "N2"  when  not  otherwise  more  greatly  influenced  by  storage 
time  and  mixing  atmosphere.   Ho  overall  statement  regarding  A 
values  could  be  made  without  involving  the  mixin,-;  atmosphere. 

5.  Effect  of  Changing  of  Storage  Atmosphere.   Changing 
of  storage  atmosphere  effected  increases  in  F  values  of  "Op 
Changed"  and  "Hg  Changed"  flours  over  tholr  respective  parent 
flours,  "Og"  arvt  "Jig"  flours.   Decreases  were  effected  in  E 
values  of  "Og  Changed"  an.  "Kg  Changed"  flours  over  their 
respective  parent  flours,  "Og"  and  "Ng"  flours.   Area  values 
of  the  atmosphere  changed  flours  were  larger  than  those  of 
their  respective  parent  flours. 

6.  TJffect  of  Storage  and  Mixing  Atmosphere.  No  overall 
statement  concerning  extensogram  values  could  be  made  without 
involving  either  storage  temperature  or  storage  atmosphere. 

7.  Effect  of  storage  and  Storase  Temperature.   Although 
F  values  tended  to  increase,  5  values  tended  to  decrease,  and 
A  values  tended  to  increase,  they  were  greatly  influenced  by 
the  atmosphere  in  which  the  doughs  were  mixed. 

8.  Iffect  of  Storage  and  dtora<_o  Atmosphere.   Although  F 
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valuos  tended  to  lnoroc.se>  E  values  tended  to  decrease,  and  A 
values  tended  to  Increase*  they  wore  greatly  Influenced  by 
the  mix in  atmosphere. 

9.  Lffect  cf  Storage  and  Changing  cf  "torago  Atmosphere. 
The  combined  effect  of  storage  and  changing  of  storage  atmos- 
phere tended  to  Increase  P  values,  decrease  E  values,  and  in- 
crease A  values. 

10.  Effect  of  Mixing  Atmosphere  and  Storage  Temperature. 
Since  Increased  oxygen  in  the  mixing  atmosphere  and  increased 
storage  temporature  had  the  same  affect  on  extensogram  values, 
the  combined  effect  was  one  of  intensification.  F  values  In- 
creased, E  valuos  decreased,  and  A  values  Increased  as  the 
oxygen  content  In  tho  mixing  atmosphere  and  the  storage  at- 
mosphere increased. 

11.  Effect  of  Mixing  Atmosphere  and  Storage  Atmosphere. 
Generally,  regardless  of  storage  timo,  there  wa3  the  following 
order  of  magnitude  for  F  and  A  valuos:  largest,  "Og"  flour, 

■a  mix;  then  "Kg"  flour,  oxygen  mix;  "Og"  flour,  air  mix; 
"Kg"  flour,  air  mix;  "Og"  flour,  nitrogen  mix;  and  smallest, 
"Kg"  flour,  nitrogen  mix.  !  or  B  values  this  order  was  re- 
versed.  Complete  overall  statements  concerning  the  combined 
effect  of  mixing  atmosphere  and  storage  atmosphere  on  exten- 
sograms  could  not  be  made  without  introducing  the  factor  of 
storage  time. 
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Table  5.  Summary  of  effect  of  atora;e,  nixing  atmosphere , 
and  store,  e  temperature  on  extonsogron  foroe  (F) 

vnl  ii««  .  1 


values.-1 


?"lxln,;   ato.ninhoro 
Oxygen         ;  Air  :     nitrogen 


:  LOUT 

"B"    ;      "A" 


'•i" 


n«n       iTr-n 


First  atrotch 


Maximum  decrease,  era   None  0.05 

Pecreaso  duration,  day a  -  40 

Maximum  increase,  cm    1.2  0.2 

Increase  duration, days  300  10S 

Plateau  duration, days    65  105 


None   Kone   None 


1.7 
260 
105 


0.7 
120 
245 


'lone 


1.0  1.7 
150  170 
215    195 


Second  stretch 


Maximum  decrease,  cm  !Tono 
Decrease  duration, daya 

Maximum  increase,  cm  1.9 

Increase  duration, daya  300 

Plateau  duration, daya  65 


0.2 

None 

.'■'one 

None 

I  M 

110 

- 

- 

- 

_ 

O.S 

6.1 

2.1 

4.6 

2.5 

190 

210 

290 

100 

150 

65 

155 

75 

105 

215 

derived  from  Table  B  in  the  Appendix. 


12.  Lffeot  of  Mixing  Atmosphere  and  Changing  of  rtorage 
Atmoaphora.  Slnoe  inoreased  oxygon  in  the  mixing  atmoaphore 
and  Increased  oxygen  in  the  storage  atmosphere  had  the  aamo  ef- 
fect on  extensograra  values,  the  combined  effect  was  one  of  In- 
tensification. P  values  Increased,  E  values  docroasol,  and  A 
values  Increased  from  nitrogen,  to  air,  to  oxygon  mix  and  from 
"Han  to  "0B"  flour. 

13.  F.ffect  of  Storage,  Mixing  Atmoaphore,  an.?  Storage 
Temperature.  When  the  effects  of  the  variables,  time,  storage 
temperature,  and  mixing  atmosphere  were  combined,  the  two 


77 


stretehes  behaved  differently  as  did  the  differences  between 
duplicates  of  the  same  stretch.  The  combined  effect  was,  of 
course,  much  greater  than  the  differences  produced  between 
duplicates,  and  with  the  two  stretches  the  effect  followed 
through.  Only  the  relative  magnitudes  of  the  values  were  dif- 
ferent, being  larger  for  the  second  stretch. 

The  combined  effect  of  storage,  mixing  atmosphere,  and 
storage  temperature  on  F  values  is  summarised  in  Table  5,  and 
on  E  values  in  Table  6. 

Table  6.  Summary  of  effect  of  storage,  mixing  atmosphere,  and 
storage  temperature  on  extensogram  extensiblllty- 
under-the-curve  (K)  values.1 


Mixing  atmosphere 


oxygen   i    Air    ;  Nitrogen 


Flour 
"A"    "B"  t  "A"    "B"  i 


First  stretch 


Initial  decrease,  cm  5.30  3.85  3.50  2.20  3.00  0.70 
Period  of  initial  de- 
crease, days  175  300  175  90  125  100 
Maximum  decrease,  cm  5.30  3.85  3.50  2.20  3.20  0.70 
Plateau  duration, daya  190  65  190  115  240  240 
Increase  duration, days  Hone  None  None  60  None  65 
Decrease  at  end  of  study, cm  5.30  3.85  3.40  1.90  3.20  1.30 

Second  stretch 

Initial  decrease,  cm  3.70  2.80  3.45  2.15  3.30  3.20 
Period  of  initial  de- 
crease, days  170  145  80  200  365  120 
Maximum  decrease, cm  3.70  2.80  3.40  2.15  3.30  3.20 
Plateau  duration, days  65  220  285  165  None  165 
Increase  duration, days  130  None  None  None  None  80 
Decrease  at  end  of  study, om  3.25  2.45  3.45  2.05  3.30  2.50 


Derived  from  Table  C  in  the  Appendix. 


wB 
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The  overall  effect  on  extensogra.r.  area  values  was  one  of 
Increase,  although  the  magnitudes  were  not  as  largo  as  for  F 
values. 

14.  Effect  of  Storage,  Mixing  Atmosphere,  and  Storage 
A  trio  sphere,   '.ihen  the  effects  of  the  variables,  time,  mixing 
atmosphere,  and  storage  atmosphere  were  combined,  the  two 
stretches  behaved  differently  as  did  the  differences  between 
duplicates  of  the  same  3tretoh.   The  combined  effect  wa3,  of 
course,  much  greater  than  the  differences  produced  between 
duplicates,  and  with  the  two  stretches  the  offeot  followed 
through.  Only  the  relative  magnltudea  of  the  values  were  dif- 
ferent, being  larger  for  the  second  stretch. 

The  combined  effect  of  storage,  mixing  atmosphere,  and 
storage  atmosphere  on  F  values  is  summarized  In  Table  7,  and 
on  E  values  in  Table  B. 

The  overall  effect  on  extensogram  area  values  was  one  of 
Increase,  although  the  magnitudes  were  not  as  largo  a3  for  P 
values. 

15.  Comparison  of  Atmosphere-Changed-Flours  with  Atmos- 
phere-Not-Changed-Flours .   Periodically  changing  the  storage 
atmosphere  increased  the  F  values  in  relation  to  their  respec- 
tive parent  flour.  This  effect  on  F  values  of  nitrogen  stored 
flour  was  greater  than  for  flour  stored  under  oxygen.  Tho  mix- 
ing atmosphere  had  no  influence  on  this  relationship. 
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Table  7.  Summary  of  effect  of  3torar,o,  mixing  atmosphere, 
and  storage  atmosphere  on  extensogram  force  (F) 
values* 1 


:  Mixing  atmosphere 

:  i.'ltrocen   ;     Air ;   Oxygen 

i  Flour 


"■ 


a: 


*??g"  :  "0a"   "No"  :  "Og"   "Kg" 


Maximum  decrease, cm 
Decrease  duration, days 
Maximum  Increase, cm 
Increase  duration, days 
Plateau  duration, days 


First  stretch 


one 

None 

None 

None 

|C  -  o 

None 

- 

120 

- 

- 

- 

- 

0.4 

0.90 

1.1 

1.2 

1.8 

1.9 

iao 

245 

150 

290 

220 

240 

185 

0 

215 

75 

135 

125 

Maximum  decrease, cm 
Decrease  duration, days 
Kaxlmum  increase, cm 
Increase  duration, day* 
Plateau  duration, days 


Second  stretch 


one 

0.2 

■em 

None 

None 

Hone 

- 

90 

- 

- 

- 

- 

0.4 

0.5 

2.5 

2.5 

2.5 

2.8 

260 

275 

180 

320 

120 

140 

105 

0 

185 

45 

245 

225 

Derived  from  Table  B  in  tho  Appendix. 

E  values  were  Influenced  differently  by  the  periodic  chang- 
ing of  the  storage  atmosphere,  as  summarized  in  Table  8.  The 
ohanglng  of  nitrogen  atmosphere  caused  a  decrease  in  E  values 
relative  to  the  parent  flour,  while  the  changing  of  oxygen 
atmosphere  caused  an  increase  In  E  values  in  relation  to  the 
parent  flour. 

A  values  of  "O2  Changed"  flour  were  higher  than  A  values 
of  "Og"  flour.   Area  values  of  "1L,  Changed"  and  "N_"  wore  of 
the  same  order  of  magnitude. 
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Table  8.  Summary  of  effect  of  storage,  mixing  atmosphere,  and 
storage  atmosphere  on  extensc;;rams  extenslbility- 
under-the-curve  (E)  values. 


!        Mixing  atmosphere 

i  Nitrogen  ;    Air    :  Oxygon 

:  2     2  ;  '2         f'2  :  2 


First  stretch 

Initial  decrease, om  3.30  2.70  3.00  1.85  2.10  1.30 
Period  of  Initial  de- 
crease, days  100  115  SO  115  80  115 
Maximum  decrease, era  3.30  3.95  3.00  1.85  2.10  1.30 
Increase  duration,daya  135  None  310  85  210  55 
Plateau  duration, days  None  175  Hone  165  75  185 
Decrease  duration, days  130  75  Hone  None  Hone  None 
Decrease  at  end  of  study, cm  2.60  3.95  2.25  1.75  0.90  1.10 


Second  stretch 


Initial  decrease, cm 

3.30 

3.35 

2.85 

2.80 

3.20 

2.35 

Period  of  initial  de- 

crease,days 

180 

120 

170 

165 

125 

90 

Maximum  decrease, cm 

3.30 

3.35 

3.20 

2.80 

3.20 

2.35 

Increase  duration, days 

185 

150 

65 

130 

165 

None 

Plateau  duration, days 

None 

None 

None 

70 

Bona 

275 

Decrease  duration, days 

None 

95 

130 

None 

75 

Hone 

Decrease  at  end  of  study, cm 

2.65 

3.35 

3.20 

2.70 

2.70 

2.50 

Derived  from  Table  C  in  the  Appendix. 


Sequence  and  Spread  Differences  of  Extenso,/rnm  Values  of 
Duplicate  Doughs.  These  traits  were  studied  in  the  Instances 
of  P  aid  E  values  alone,  since  A  values  in  a  sense  are  resul- 
tants and  therefore,  strictly  speaking,  need  not  be  included 
in  an  analysis  of  primary  characteristics. 

1.  Effect  of  Sequence  of  Dough  Stretch,  with  force  values, 
when  discernible  sequence  was  found,  the  second  of  the  duplicates 
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of  the  first  stretch  (Pb)  had  the  larger  force  values,  but  with 
the  second  stretch,  the  first  of  the  duplicates  (Paa)  had  the 
larger  value.  The  spread  was  greater  with  the  first  stretch 
values  (Fa  and  Fb).   Of  the  first  stretch  values,  the  spread 
of  those  mixed  in  oxygen  were  largest,  those  In  air  interme- 
diate, and  those  mixed  in  nitrogen  smallest,  or  those  mixed 
under  oxygen,  the  "A"  flour  spread  was  greatest.   The  "B",  "Op", 
and  "Na"  spreads  were  of  approximately  equal  magnitude.    ec- 
ond  stretch  spreads  were  similar  to  first  stretch  spreads  but 
were  of  lessor  magnitude. 

With  E  values,  the  first  duplicate  of  first  stretch  values 
were  larger  for  oxygen  and  air  mixes,  while  second  duplicates 
of  first  3tretch  values  were  larger  for  nitrogen  mixes.  No 
distinction  between  second  duplicates  could  be  made  except  for 
"A"  flour  oxygen  mix  where  second  duplicates  were  larger  than 
first  duplicates. 

For  E  values  the  spread  was  greater  for  first  stretch 
than  fcr  second  stretch  values.   Of  the  first  spread  values, 
the  spread  of  tho3e  mixed  In  oxygen  were  largest,  those  mixed 
In  air  Intermediate,  and  those  mixed  In  nitrogen  smallest. 
There  was  no  appreciable  difference  In  the  spread  of  the  E 
values  for  the  different  flours. 

2.  I' f feet  of  storage.  Storage  had  no  discernible  effect 
upon  either  soquence  or  spread  of  F  and  E  values. 

3.  Effect  of  Mixing  Atmosphere.   For  F  values,  sequence 
was  discernible  only  with  doughs  mixed  In  oxygen  and  air; 
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nitrogen  mixln.  atmosphere  having  no  influence  upon  sequence 
of  P  values  of  duplicate  doughs.  Spread  was  greatest  for 
doughs  mixed  in  oxygen,  being  about  equal  for  air  and  nltrogon, 
and  first  stretch  was  larger  than  second  stretch  spread. 

Sequence  was  observed  for  E  values  in  oxygen,  air,  and 
nitrogen  mixes.   The  spread  was  greatest  for  doughs  mixed  in 
nitrogen,  about  equal  for  air  and  oxygen,  and  first  stretch 
was  larger  than  second  stretch  spread. 

4.  Effect  of  Storage  Temperature.  Viith  F  values,  se- 
quence was  discernible  for  "A"  flour  first  and  second  stretch 
air  and  oxygen  mixes}  while  for  "B"  flour,  first  stretch  air 
and  oxygen,  and  second  stretch  oxygen  mixes.   "A"  flour  spreads 
were  larger  than  were  spreads  of  "B"  flour. 

For  E  values,  sequence  was  discernible  for  "A"  flour 
first  stretoh  oxygen,  air  and  nitrogen  mixes,  and  second 
stretch  oxygen  mixes;  BB"  flour  first  stretch  oxygen,  air  and 
nitrogen  mixes.   "A"  flour  spreads  were  larger  than  those  for 
"B"  flour. 

5.  Effect  of  Storages  Atmosphere.   Sequence  was  discern- 
ible for  F  values  only  for  some  first  stretch  doughs,  being 
"0g"  flour  oxygen  and  air  mixes,  and  "Ng"  flour  oxyren  and  air 
mixes.   The  oxygen  mix  sequence  effect  was  more  pronounced 
than  the  air,  while  there  was  no  apparent  storage  atmosphere 
sequence  effect.   No  significant  difference  in  spread  was 
discernible. 

For  E  values,  sequence  was  discernible  for  "On"  flour 
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first  strotch  oxycen,  air  and  nitrocen  mixes  and  second  stretch 
oxygen  mixes.  For  "Hg"  flour  seq. once  was  observed  for  first 
stretch  oxygen,  air  and  nitrogen  mixes* 

Zeleny  Sedimentation  Study 

Sedimentation  values  of  all  the  stored  flours  increased 
with  storage  time  as  indicated  by  the  data  in  Table  9.  Through- 
out the  storage  period,  the  values  for  "Ng"  flour  were  hlrhest} 
those  of  "D"  flour  slightly  lower  than  "Hg"  values}  those  of 
"0g"  flour  considerably  lower  than  "B"  values;  and  those  of  "a" 
flour  considerably  lower  than  "0gH  values. 

The  curves  formed  by  plotting  storage  time  in  days  against 
sedimentation  values  for  "Kg"  and  "B"  flours  wero  virtually 
straight  lines  for  the  first  two  hundred  days  of  storage.  After 
this  time,  however,  they  tapered  off  so  that  the  increase  In 
sedimentation  with  contined  storage  was  not  nearly  as  great, 
indeed  very  little  or  no  increases  was  found. 

"Og"  flour  values  readied  a  plateau  after  approximately 
200  days  of  storage. 

"A"  flour  sedimentation  values  decreased  with  storage  up 
to  about  60  days  after  which  they  Increased  with  acceleration 
until  about  120  days  when  a  tapering  off  began.  After  about 
200  days  of  storage,  "A"  flour  values  reached  a  plateau. 

Ho  differences  between  the  spread  of  duplicate  determina- 
tions were  apparent  except  for  "A"  flour  of  which  the  differ- 
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Table  9. 

Sedimentation  values  or  stored 

.flours . 

1 toraga  t 
days  t 

Flour 

deslf  latlon* 

A 

:    R 

1 

°2    ' 

N2 

27 

- 

33.4 
53.9 

- 

- 

58 

32.8 
33.2 

- 

33.3 
33.5 

33.6 
33.9 

51 

** 

- 

33.2 
53.6 

33.7 
34.3 

58 

32.6 
33.0 

33.8 
34.1 

- 

- 

79 

32.8 
33.1 

- 

33.4 
33.9 

- 

89 

- 

54.3 
34.4 

- 

34.2 

34.6 

103 

33.2 

33.7 

- 

33.6 
34.5 

- 

117 

- 

34.5 
34.9 

- 

34.7 
34.8 

126 

33.9 
34.7 

- 

34.4 
34.9 

- 

141 

. 

- 

- 

34.7 
35.2 

146 

- 

35.0 
35.0 

- 

- 

149 

- 

- 

34.5 
35.3 

- 

152 

34.4 
35.0 

- 

- 

- 

169 

- 

35.1 
35.5 

- 

35.2 
35.5 

177 

34.4 
35.5 

- 

34.8 
35.5 

- 

205 

- 

35.3 
35.9 

35.3 
35.4 

35.4 
35.8 

Table  9.   (concl.) 
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Store  o : 
daya  I 


207 
237 
264 
267 
270 


34.8 
36.3 

34.4 

36.6 


34.5 
35.5 


36.0 

35.3 
36.0 


35.0 
35.7 


35.7 


35.5 
36.1 

35.6 
36.1 


"A"  flour  was  stored  In  sealed  cans  at  00°  I  . 
"B"  flour  was  stored  in  aealod  cans  at  50-60°   . 
"0e"  flour  was  stored  under  oxygen  In  sealed  class 


o" 

glaas  Jars  at  50-60°  F. 


are  at  50-60°   . 
8  •  flour  was  stored  under  nitrogen  In  sealed 
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ences  between  duplicates  increased  with  storage  time.  Those 
differences  were:  32  days  0.4,  58  days  0.4,  79  days  0.3,  103 
days  0.5,  126  days  0.8,  152  days  O.C,  177  days  1.1,  207  days 
0.5,  237  days  1.2,  and  270  days  1.0. 

The  erratic  working  order  of  the  refrigeration  unit  of 
the  cold  room  from  43  to  55  days'  stora;  e  was  apparently  not 
reflected  In  the  sedimentation  results. 

Zeleny  Photometric  Protein  study 

Photometric  protein  values  of  all  the  stored  flours  in- 
creased with  atorago  time  as  Indicated  by  the  data  recorded  in 
Table  10.  After  5  to  4  months'  storage,  the  values  for  "A" 
flour  wero  largest,  followed  by  those  of  "Og"  flour,  and  then 
"B"  flour,  with  "Ng"  flour  photometric  protein  values  being 
the  smallest.   Prior  to  3  months'  storage,  "A"  and  "B"  flour 
values  were  proportionately  larger  than  "0a"  and  "Kg"  values 
than  they  wero  after  3  months'  storage.   In  addition,  prior 
to  3  months'  study,  "BH  flour  values  were  larger  than  "A",  and 
"Kg"  values  wore  larger  than  "Og"  values. 

The  curves  formed  by  plotting  storage  time  in  days  against 
photometric  protein  values  showed  that  increase  in  "A"  values 
tapered  off  a!:arply  after  100  days'  storage}  increase  in  "0  " 
and  "B"  values  reached  plateaus  after  140  dayaj  and  "it"   values 
showed  almost  no  increase  after  160  days'  storage. 
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Tablo  10 i 

Photometric  protoJ 
transmission)  of 

n  valuos  (percent 
stored  flours. 

Storage: 
days  : 

Flour  -io.. 

-  7 

iSlfon* 

k 

t 

t 

'<?. 

1    M2 

50 

- 

63.0 
62.8 

- 

_ 

32 

02. t, 
62.5 

- 

- 

- 

51 

- 

- 

62.6 
32.4 

62.9 
62.5 

77 

64.0 
64.0 

- 

63.1 
63.5 

_ 

84 

- 

64.0 
64.5 

- 

63.3 
63.7 

99 

64.7 
65.0 

- 

64.6 
64.2 

_ 

110 

- 

64.2 

64.6 

- 

64.0 
64.0 

126 

65.0 
64.6 

- 

64.5 
64.8 

- 

141 

- 

64.6 

64.6 

- 

64.2 
64.6 

177 

65.3 
65.0 

— 

64.9 
64.8 

• 

206 

- 

65.0 
64.5 

- 

64.8 
64.5 

237 

65.4 

65.0 

- 

54.8 
65.1 

_ 

264 

- 

65.0 
64.9 

- 

64.6 
65.0 

267 

65.0 
65.1 

Table  10.   (oonol.) 


OS 


Storage : 

days  j    a 


TTc 


ilgnatic 


270 


65.1 
36.4 


"A"  flour  was  storod  In  sealed  cans  at  00°  K. 
"B"  flour  was  stored  In  sealed  cans  at  50-60°  F. 
"Cg"  flour  was  stored  under  oxygen  in  sealed 

glass  jars  at  £0-60°  I  . 
"Ng"  flour  was  stored  under  nitrogen  In  sealed 

glasu  Jars  at  50-60°  1. 
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Ho  differences  between  the  spread  of  duplicate  detonnlna- 
tlona  were  apparent. 

The  erratic  working  order  of  the  refrigeration  unit  of  the 
cold  room  from  43  to  55  dayat  storage  was  apparently  not  re- 
flected in  the  photometric  protein  results* 

Sodium  Chloride  study 

The  effect  of  salt  on  farinograms  and  extensograms  was 
studied  using  the  nB"  flour,  with  results  as  shown  in  Table  11. 
When  the  study  was  undertaken,  the  "B"  flour  had  been  stored 
129  days,  and,  consequently,  its  optimum  absorption  had  changed. 
At  129  days'  storage,  the  optimum  absorption  wa3  64.0  percent 
with  a  mixing  time  of  3:15  minutes;  this  was  in  contrast  to  an 
optimum  absorption  of  62.9  with  a  mixing  time  of  2j30  minutes 
with  eero  days  of  storage. 

All  of  tho  mixes  were  done  with  air  as  the  mixing  atmos- 
phere, since  air  wa3  intermediate  in  effect  on  extensogram 
curve  characteristics,  and  only  the  limit  of  tha  action  of  salt 
on  extensograma  was  wanted.  It  was  found  that  extensogram 
values  decrease  with  15  parcent  salt,  and  this  undoubtedly 
holds  true  with  many  kinds  of  flour  different  than  the  "B"  flour 
both  in  inherent  characteristics  and  in  treatment  received. 

Effect  of  MaCl  on  Earlnoi--ram  Values.  Sodium  chloride  had 
a  depressing  effect  upon  farinogram  heights.  Height  value  de- 
creased from  500  with  0  percent  NaCl  to  370  with  15  percent 
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NaCl.  F'arinogram  width  decreased  with  Increase  in  1,'aCl.  The 
width  value  deereaaed  from  1*45  om  with  0  percent  NaCl  to  0.90 
cm  with  15  percent  NaCl.  The  H/Vf  relationship  was  lowest  (334) 
with  5  percent  NaCl  and  highest  (411)  with  16  percent  NaCl. 

Effect  of  NaCl  on  Extenaor,ra:a  Values.   All  F  values  in- 
creased as  percentage  of  NaCl  increased  until  maximums  were 
reached  with  10  percent  NaCl,  then,  with  15  percent  NaCl,  P 
values  decreased. 

All  r  values  Increased  with  increase  of  NaCl  until  maxi- 
mums wore  reached  with  5  percent  NaCl,  then  they  decreased. 
Second  stretch  E  values  appoared  to  have  an  additional  peak 
with  2  percent  NaCl. 

First  stretch  E^  values  reached  a  maximum  with  5  percent 
NaCl,  then  decreased,  while  the  maximum  for  second  stretch  Et 
values  was  a  plateau  extending  from  2  to  5  percent  NaCl  and 
then  decreasing. 

All  A  values  reached  a  maximum  with  1  percent  MaCl  and 
then  decreased. 

For  detailed  data,  see  Tat.le  11. 
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Table  11.  Effect  of  NaCl  on  "B"  flour  farlnogr 

am  and  exten- 

aogram  values. 

Curve  : 
char-  : 
acter-: 
l3tica: 

Porcent  NaCl 

0   j 

1 

2   :   3   :   5   « 

10 

:   15 

Farinogram  values 

PH 

500 

480 

450     450     435 

435 

370 

ft 

1.45 

1.35 

1.30    1.30    1.30 

1.25 

0.90 

345 

356 

346     346     334 

340 

411 

Extensograia  values 

Fa 

0.95 

1.85 

2.35    3.65    5.85 

8.15 

5.30 

Fb 

1.10 

2.15 

2.40    3.70    5.85 

8.25 

5.85 

Faa 

1.00 

2.10 

2.60    4.60    7.75 

13.25 

12.05 

Fbb 

1.05 

2.05 

2.60    4.65    7.40 

13.05 

12.50 

£a 

16.70 

18.15 

21.75   22.80   25.05 

21.30 

14.85 

Eb 

15.60 

19.95 

23.25   22.30   23.90 

21.15 

14.20 

Eaa 

17.  SO 

21.60 

23.75   22.15   22.60 

17.55 

14.35 

Ebb 

16.60 

19.55 

21.05   21.90   22.35 

17.60 

13.05 

hj 

18.25 

19.15 

23.80   24. G5   25.45 

23.90 

14.85 

Etb 

18.60 

22.05 

23.25   24.60   25.95 

23.65 

16.15 

}:taa 

18.30 

22.25 

23.75   23.65   23.65 

17.95 

15.45 

E-.bb 

a! 

18.90 

22.65 

23.10   23.45   23.15 

17.60 

15.25 

15.94 

28.42 

40.51   62.72  110.98 

132.93 

57.60 

Ab 

16.00 

33.92 

43.08   62.60  106.11 

129.60 

65.15 

Am 

16.13 

36.42 

48.45   79.74   128.51 

167.87 

123.07 

Abb 

15.62 

32.32 

42.44   78.40  122.82 

161.54 

122.30 

Effect  of  NaCl  on 

Duplicate  Dounhs.  These 

data  are 

sum- 

narlzed 

In  Table 

12.  All  Fb  values  were  larger 

than  or 

equal 

to  Fa  values,  but  the  s 

econd  stretch  f  values  lost  this 

char- 

acteristlct  the 

values 

being  equal  (within  plus 

or  minus 

0.05) 

for  all 

NaCl  concentrations  below  5  percent.  For  5  percent 

NaCl,  the  Faa  value  was 

larger  (0.35),  then  the 

difference  de- 

croased  until  with  10  percent  HaCl  Faa  was  larger  than  Pbb  by 
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0.20.  Viith  15  percent  NaCl,  the  trend  had  continued  until  Pbb 
was  larger  than  Paa  by  0.45.  The  relative  relationship  for  both 
first  ar.d  aeoond  stretch  F  values  remained  however,  for  Pa  and 
Paa  values  in  relation  to  Fb  and  Fbb  values  were  highest  with  5 
and  lowest  with  15  percent  !ln01* 

All  Eb  values  were  larger  than  Ea  values  except  with  the 
extremes  of  salt  concentration,  0  and  15  percent,  where  Ea  was 
larger  than  Eb.  All  Eaa  values  were  larger  than  Ebb  with  the 
exception  of  10  percent  salt,  were  Ebb  was  the  larger. 

Eta  values  were  larger  than  E^b  values  for  2  and  3  percent 
HaCl,  while  r.^b  values  were  larger  for  all  other  salt  concentra- 
tions. Etaa  values  were  larger  than  E^bb  for  all  salt  concen- 
trations except  0  ami  1  percent  where  they  were  smaller. 

Aa  values  were  higher  than  Ab  values  for  3,  5,  and  10  per- 
oent  KaCl  arid  lower  for  the  extremes  0,  1,  and  15  percent.  All 
Aaa  values  were  higher  than  Abb  values,  but  significantly  smaller 
differences  were  found  with  the  0  and  15  percent  salt  concen- 
trations. 
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Table  12.  Extonaogram  value  differences  between  duplicate 
doughs  Influenced  by  Nad.* 


Carve     s 

Percent  NaCl 

character- !- 

latica    : 

0    ] 

1   : 

2    8 

3    t 

5   : 

10 

:   15 

Pa-Pb 

-0.15 

-0.30 

-0.05 

-0.05 

0.00 

-0.10 

-0.55 

Faa-Fbb 

-0.05 

0.05 

0.00 

-0.05 

0.35 

0.20 

-0.45 

Ea-Eb 

1.10 

-1.80 

-1.50 

-0.50 

-1.15 

-0.15 

0.65 

Eaa-Ebb 

0.60 

2.05 

2.70 

0.25 

0.25 

-0.05 

1.30 

E^a-E^b 
Ef.aa-L.bb 

-0.35 

-2.90 

0.55 

0.05 

-0.50 

-0.25 

-1.30 

-0.60 

-0.40 

0.65 

0.20 

0*50 

0.35 

0.20 

-0.0G 

-ii.SO 

-2.57 

0.12 

4.87 

3.33 

-7.55 

Aaa-Abb 

0.51 

4.10 

C.01 

1.44 

5.79 

6.33 

0.77 

*  Derived  from  Table  11. 


Effect  of  HaCl  on  Differences  Between  stretohe3.  These 
data  appear  in  Table  13.  The  differences  between  p  first 
stretch  and  F  secona  stretch  values  increased  in  magnitude  with 
increasing  KaCl  concentration.  All  Paa  values  were  larger  than 
Pa  values.  All  Pbb  were  larger  than  Fb  values  except  for  0  and 
1  percent  NaCl. 

All  E  second  s  treteh  values  were  higher  than  E  first 
strotch  values  with  the  exception  of  second  stretch  having  0 
percent  KaCl  which  had  a  higher  value. 

E^a  values  ware  higher  than  E^aa  with  the  exception  of  the 
extremes,  o,  1,  and  15  percent  NaCl,  where  the  Ltaa  values  were 
higher.  Mth  0,  and  1  percent  salt,  E».bb  values  were  higher 
than  E  first  stretch  values.  Efcb  values  were  higher  for  other 
salt  concentrations,  the  greatest  difference  (6.05)  being  with 
10  percent  :iaCl  and  thon  dropping  off  sharply  (0.90)  with  15 
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percent  salt. 

All  second  stretch  area  values  were  larger  than  Aa  and  Ab 
values  with  the  exception  of  0  and  1  percent  Ab  values  which 
were  larger.  The  differences  between  area  first  atretoh  and 
area  second  stretch  values  increased  in  magnitude  with  increas- 
ing Had  concentrations}  e.g.,  Aa-Aaa  values:  -0.19  having  0 
percent  salt  to  -65.5  having  15  percent  salt,  and  Ab-Abb  values: 
0.38  having  0  percent  salt  to  -57.2  having  15  percent  salt. 

Table  13.  Extensogram  value  differences  between  dough  stretches 
influenced  by  NaCl. 


Curve            : 
character-:. 

Percent  NaCl 

iatics          : 

0         i 

:        1 

:       2 

:       3       ! 

:        5 

:        10 

:        15 

Pa-Faa 

-0.05 

-0.25 

-0.25 

-0.95 

-1.90 

-5.10 

-6.75 

Pb-pbb 

0.05 

0.10 

-0.20 

-0.95 

-1.55 

-4.80 

-6.65 

Ea-Eaa 

-0.50 

-3.45 

-2.00 

-0.65 

-2.45 

-3.75 

-0.50 

Eb-Ebb 

1.00 

-0.40 

-2.20 

-0.40 

-1.55 

-3.55 

-1.15 

V"H£v 

-0.05 

-3.10 

0.05 

1.00 

1.30 

5.95 

-0.60 

Ktb-Etbb 
Aa-Aaa" 

-0.30 

-0.60 

0.15 

1.15 

2.00 

6.05 

0.90 

-0.19 

-8.00 

-8.94 

-17.0 

-17.5 

-34.  S 

-C5.5 

Ab-Abb 

0.38 

1.60 

-0.64 

-15.8 

-16.7 

-31.9 

-57.2 

*  Derived  from  Table  11. 


Effaot  o£  SaCl  on  £g  of  ?eu:-hs .  The  pH  of  the  doughs  varied 
within  the  close  limits  of  7.05-7.10,  with  the  exception  of  the 
dougha  with  10  percent  NaOl  which  had  pH  values  of  7.20  both 
after  mixing  aod  after  the  second  stretch.  The  pH  values  of 
all  the  doughs  were  taken  both  after  mixing  and  after  the  second 
stretch  and  no  differences  outside  of  what  war  considered  the 
limits  of  experimental  error  (0.05)  were  detected. 
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Potaasium  Broaat;  Study 

The  combined  effect  of  salt ,bromate,  mixing  and  resting 
atmosphere  was  studied  using  the  "B"  flour.  When  the  study  be- 
gan the  "B"  flour  had  been  stored  265  days  and  its  optimum  ab- 
sorption wa3  65.0  with  a  mixing  time  of  5t00  minutes.  Thus  the 
absorption  of  the  "B"  flour  had  increased  from  62.9  on  the  day 
of  milling  to  64.0  after  129  days  of  storage,  when  tho  sodium 
Chloride  Study  was  done,  and  to  65.0  after  255  days  of  storage. 
Likewise  tho  mixing  time  had  increased  from  2»30  minutes  to  3:15 
minutes  to  5:00  minutes. 

Changes  in  FarinoKram  Values.  Changes  in  farinogram  values, 
as  shown  in  Table  14,  for  the  sake  of  easier  comprehension,  are 
categorized  according  to  the  effect  produced  by  the  different 
variables,  first  singly  and  then  in  combination. 

1.  Effect  of  HaCl.   "odium  chloride  had  a  depressing  ef- 
fect upon  farinogram  heights.  Farinogram  widths  decreased  with 
Increasing  concentration  of  salt.  The  H/w  relationship  was  low- 
est with  5  percent  ffacl  and  Increased  with  concentrations  both 
greater  and  lesser  than  this  amount. 

2.  Fffoct  of  KBrOg.   Potassium  bromato  loworod  farinogram 
heights,  but  this  tendency  was  greatly  influenced  by  mixing  at- 
mosphere and  by  NaCl,  the  masking  effect  being  greater  with 
NaCl.  Farinogrsm  widths  were  affected  in  the  same  manner.  Ho 
trend  concerning  the  H/w  relationship  could  be  made  without  a 
qualification  involving  mixing  atmosphere. 
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Table  14. 

[influence 

::"  po 

tassium  bromato 

and  sodium  chloride 

on 

the  farinograma  and  extensograms 

of  doughs 

mixed  and 

rested  in  various  gaaeoua 

atmospheres. 

I   Zero  me 

bromato, 

sxygan  atmosphere 

Curve 
char- 
acter- 

Porcent sodium 

chloride 

istics 

0 

: 

1 

:    5 

: 

10 

!     15 

Farlnogram  values 

H 

540 

475 

420 

350 

320 

W 

1 

.20 

1 

.15 

1.10 

0 

,75 

0.50 

::/. 

450 

| 

113 

382 

467 

640 

Extensor-ram  valuea 

Pa 

4 

.30 

7 

.90 

12.00 

9 

.85 

3.60 

ft 

4 

.50 

8 

.20 

11.15 

9 

.55 

4.85 

Pas 

8 

.40 

13 

.15 

1S.35*# 

15 

,60» 

9.90 

Fbb 

8 

.90 

12 

.65 

18.85*# 

17 

.65* 

8.55 

II? 

15 

,05 

18 

.80 

15.70 

9 

,60 

6.15 

E£b 

15 

.25 

17 

,60 

14.85 

9 

.45 

6.10 

I  ,aa 
Ejbb 

12 

.45 

12 

.35 

10.20»,? 

7 

.95* 

6.16 

13 

.50 

12 

.15 

9.45«# 

6 

,70* 

6.10 

Ea 

17 

.55 

23 

.45 

21.20 

13 

.70 

9.75 

Eb 

13 

.25 

20 

.45 

20.75 

13 

.80 

11.05 

Eaa 

15 

.05 

15 

.45 

16.40# 

12 

.30 

10.55 

Ebb 

16 

.45 

15 

.60 

13.85,? 

10 

.00 

11.40 

E*.a 

18 

.60 

23 

.45 

21.20 

13 

.70 

9.75 

E*bb 

18 

.25 

23 

.60 

20.75 

13 

.80 

11.05 

15 

.05 

15 

.45 

16.40# 

13 

.55 

11.25 

16 

.45 

15 

.60 

13.85# 

13 

.65 

11.40 

Al* 
Ajb 

■,ac 

Ajbb 

42 

.50 

93 

.76 

124.80 

58 

.30 

15.04 

45 

.26 

91 

.01 

105.98 

56 

.06 

16.88 

66 

.24 

98 

.88 

U3.73»# 

76 

.93* 

37.70 

78 

.20 

98 

.88 

123. 26»? 

78 

.02* 

31.81 

Aa 

53 

.44 

124 

.74 

182.72 

91 

.14 

24.49 

Ab 

57 

.46 

111 

.55 

163.76 

88 

.38 

35.52 

Aaa 

85 

.44 

132 

.67 

199.17ft? 

126 

.66* 

62.85 

Abb 

100 

.48 

163 

.38 

184.58»s< 

123 

.33* 

61.38 
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Table 

14.   (cont. 

) 

II  Zero  Mg  bromatet  air 

atmosphere 

Curve 
char- 
acter- 

Percent sodium 

chloride 

istics 

J    0 

:    1 

t    5 

J    10 

»    15 

Farlnogram  values 

H 

500 

435 

400 

355 

290 

v;, 

1.15 

1.10 

1.10 

0.75 

0.50 

ft* 

435 

395 

364 

473 

580 

Extanaograa  values 

Pa 

3.05 

3.65 

6.45 

6.90 

3.15 

Pb 

3.10 

3.90 

7.25 

7.55 

3.20 

Faa 

3.40 

3.95 

10.30 

12.20 

9.65 

Fbb 

3.25 

4.50 

10.60 

12.55 

8.05 

E£bb 

15.30 

20.60 

22.35 

13.70 

7.65 

15.45 

20.50 

22.10 

13.55 

6.65 

16.40 

17.90 

17.55 

10.50 

9.15 

17.00 

21.10 

18.20 

11.10 

3.00 

Ea 

19.50 

25.90 

29.50* 

19.65 

12.70 

Kb 

19.45 

23.30 

26.95 

18.90 

la.  30 

Kaa 

20.60 

21.20 

23.60 

15.55 

14.10 

Ebb 

20.05 

22.75 

23.95 

16.45 

12.05 

E.a 
Epb 
EU 

E*bb 

21.60 

26.95 

29.50» 

21.20 

12.70 

21.70 

27.10 

29.45* 

21.45 

12.30 

20.60 

25.80 

23.60 

17.60 

14.10 

20.85 

26.30 

24.25 

18.95 

15.90 

A.a 

Ajb 

A,aa 

Ajbb 

34.52 

52.86 

97.34 

64.61 

18.50 

34.62 

56.77 

10G.18 

66.04 

15.74 

38.98 

49.73 

120.13 

87.30 

55.17 

36.74 

67.58 

124.57 

93.44 

41.02 

Aa 

44.50 

69.38 

134.02* 

100.25 

32.19 

Ab 

45.18 

66.24 

136.96* 

103.10 

30.53 

IM 

SI.  72 

61.44 

179.00 

139.01 

92.54 

Abb 

51.52 

71.74 

182.61 

150.66 

66.82 
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14.   (oont 

-) 

III  Zero  mg  bromato,  nitrogen  atmosphere 

Curve 

Percent  sodium 

chloride 

Char- 
aCter- 

13 1'  CC 

i    0 

1    1 

>    5 

:    10 

:    15 

Farinograa  values 

H 

475 

425 

390 

335 

290 

». 

1.10 

1.05 

1.10 

0.75 

0.50 

];/. 

432 

405 

355 

447 

580 

Extensogram 

values 

Fa 

1.35 

2.40 

5.20* 

S.05 

2.15 

Pb 

1.35 

2.45 

5.25* 

6.20 

3.25 

Ifea 

1.15 

2.40 

3.75* 

9.50 

0.30 

Pbb 

1.25 

2.45 

9.25* 

10.35 

9.40 

EJbb 

15.65 

20.35 

21.20* 

13.65 

8.75 

15.15 

20.15 

21.05* 

20.55 

9.60 

14.05 

20.25 

17.95* 

17.70 

12.25 

14.20 

19.00 

18.05* 

15.70 

12.20 

Ea 

23.70 

24.05 

27.05 

25.60 

14.40 

Eb 

22.60 

24.65 

27.10 

26.70 

13.85 

Eaa 

19.25 

24.50 

24.55 

22.00 

13.30 

Ebb 

20.20 

25.50 

24.50 

21.55 

18.50 

Elb 
4bb 

24.75 

26.95 

27.30 

26.60 

14.40 

23.50 

25.80 

27.10 

26.70 

16.30 

21.25 

25.40 

24.55 

25.25 

23.00 

21.05 

25.95 

24.50 

26.70 

20.50 

Ajb 

A,aa 

A£bb 

17.86 

37.50 

80.77* 

75.58 

14.85 

16.96 

37.95 

80.45* 

88.06 

22.91 

13.89 

38.37 

112.19* 

112.64 

69.50 

14.78 

34.75 

116.67* 

112.70 

77.44 

Aa 

29.78 

45.50 

106.30* 

117.25 

24.83 

Ab 

26.75 

47.55 

107.01* 

121.15 

35.01 

Aaa 

18.94 

48.32 

157.76* 

151.23 

111.62 

Abb 

21.31 

49.66 

165.31* 

166.66 

125.31 
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Table 

14.   (cont 

) 

IV  3 

mg  brcmatej 

oxygen 

atmosphere 

Curve 

• 

I  .ar- 
acter- 

1 

Peroont  sodium 

chloride 

t 

istics 

5     0 

t    1 

t    5 

:    10 

1    15 

Farinogram  values 

H 

495 

455 

405 

340 

305 

W 

1.25 

1.20 

1.15 

0.00 

0.60 

n/. 

396 

379 

352 

425 

508 

Extenaogram  values 

Pa 

4.15 

7.60 

11.55 

8.70 

3.00 

Pb 

4.70 

8.30 

13.25 

10.25 

3.70 

Faa 

9.50 

14.10 

19.25*# 

18.50* 

9.00 

Pbb 

8.80 

14.80 

19.10*# 

18.25* 

7.90 

El* 
Erb 
E,aa 
Ejbb 

15.80 

18.30 

12.10 

8.85 

5.45 

15.65 

13.70 

13.40 

8.85 

6.20 

10.90 

12.75 

9.30*# 

7.20* 

5.90 

11.20 

11.05 

9.65*# 

6.75* 

5.55 

Ea 

19.25 

22.25 

18.70 

13.70 

12.10 

Eb 

19.00 

21.55 

18.85 

14.50 

10.70 

Eaa 

13.65 

13.45 

11.35# 

11.60 

10.35 

Ebb 

15.05 

13.65 

14.20# 

11.80 

10.45 

Eta 

19.25 

23.45 

18.70 

15.90 

12.10 

E£b 

22.50 

23.40 

18.85 

14.50 

10.70 

E,.aa 
E*bb 

13.65 

13.45 

11.35# 

11.60 

10.35 

15.05 

13.65 

14.20# 

11.80 

10.45 

A,a 
A£b 

48.26 

86.85 

91.14 

46.98 

11.71 

53.06 

96.90 

110.40 

57.09 

16.00 

ATaa 
A£bb 

63.49 

99.52 

114.50»# 

81.73* 

32.32 

62.72 

06.96 

119.68*# 

74.56* 

27.14 

Aa 

61.50 

112.64 

150.85 

80.06 

25.28 

Ab 

60.86 

125.25 

174.02 

100.16 

27.39 

IM 

84.99 

120.81 

146.79*# 

141.18* 

58.75 

Abb 

92.42 

124.80 

185.92*# 

136.58* 

50.43 
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Table 

14 •   (cont. 

) 

V   3 

mg  bromatei 

air  atmosphere 

" 

Curve 
char- 
acter- 

1 

f 

Percent  sodium 

chloride 

: 

istics 

:    0 

J    1 

t    5 

:    10 

:    15 

Farinogram  values 

H 

495 

430 

395 

335 

305 

W 

1.20 

1.10 

1.15 

0.85 

0.60 

:/ 

413 

391 

343 

394 

508 

Extensogram  values 

Fa 

3.15 

4.80 

8.30 

7.20 

2.05 

Fb 

3.25 

5.05 

8.80 

7.80 

3.25 

Paa 

4.95 

6.75 

12.75 

15.30 

10.40 

Fbb 

4.20 

6.50 

12.80 

15.40 

10.25 

E^a 

16.40 

18.50 

19.65 

13.95 

8.60 

Ejb 

14.50 

20.50 

18.55 

12.90 

7.00 

Eiaa 
Ejbb 

16.00 

18.35 

14.45 

10.25 

8.05 

15.70 

17.10 

13.45 

9.80 

7.35 

Ea 

20.65 

22.30 

26.10 

20.50 

16.00 

Eb 

17.75 

24.35 

23.35 

17.75 

13.80 

Eaa 

19.60 

23.00 

19.35 

15.35 

13.00 

Ebb 

19.20 

21.05 

20.75 

15.50 

12.80 

20.65 

27.45 

26.85 

21.45 

16.00 

22.55 

27.40 

20.55 

21.20 

13.80 

E*bb 

19.60 

23.00 

19.35 

15.65 

14.05 

22.50 

22.30 

20.75 

15.50 

13.05 

A,  a 
A*b 
iflM 

A^bb 

38.72 

61.50 

109.25 

70.11 

12.22 

34.75 

69.70 

109.76 

70.34 

15.74 

55.10 

84.22 

119.49 

95.98 

50.56 

46.14 

74.05 

114.18 

93.76 

48.83 

Aa 

49.73 

78.78 

156.99 

108.67 

23.04 

Ab 

44.22 

87.74 

147.84 

102.21 

29.83 

Aaa 

70.02 

112.45 

174.08 

160.34 

84.16 

Abb 

60.35 

97.15 

191.17 

162.62 

80.83 
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Table  14.   (cont.] 

VI   3 

mg  bromate. 

nitrogen 

atmosphere 

Curve 

Percent  sodium 

chloride 

char- 
acter- 

; 

———————— 

Istios 

J    0    : 

1 

:    5 

:    10 

:    15 

Pari  no-gram  v 

aluea 

H 

465 

420 

385 

MC 

305 

W 

1.05 

1.05 

0.95 

0.75 

0.65 

tA 

443 

400 

405 

440 

469 

Extansogram  values 

Fa 

2.05 

3.30 

6.90* 

6.10 

2.70 

Pb 

2.05 

3.35 

6.85* 

7.05 

3.75 

Paa 

2.75 

3.95 

9.80 

13.25 

9.90 

Pbb 

2.90 

4.35 

11.00 

12.95 

11.15 

km 

E£bb 

15.25 

20.15 

23.50* 

18.65 

10.95 

14.85 

20.80 

21.50* 

18.70 

9.00 

15.65 

17.60 

18.00 

13.70 

11.95 

17.35 

17.45 

18.45 

14.20 

11.90 

Ea 

19.30 

26.00 

29.30* 

24.55 

17.30 

Eb 

19.15 

24.55 

29.40* 

26.75 

13.40 

tarn 

19.65 

21.30 

24.45 

10.90 

16.60 

Ebb 

21.40 

20.70 

24.70 

20.70 

17.90 

Eta 

Efaa 
E^bb 

22.35 

26.00 

29.30* 

27.55 

17.30 

20.20 

28.35* 

29.40* 

26.75 

14.80 

20.40 

24.80 

24.45 

19.90 

18.65 

24.55 

26.85 

24.70 

20.70 

17.90 

A,  a 

A1b 
Ataa 

A£bb 

23.94 

48.06 

106.24* 

77.44 

21.70 

24.19 

48.51 

100.35* 

88.45 

24.13 

32.70 

51.26 

120.32 

122.18 

73.86 

35.20 

54.04 

139.97 

123.71 

86.78 

Aa 

31.04 

65.79 

140.80* 

109.82 

54.56 

Ab 

32.58 

60.67 

147.65* 

136.19 

38.02 

Aaa 

43.33 

65.34 

177.66 

190.78 

119.42 

Abb 

48.13 

68.42 

204.93 

192.26 

152.13 
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VII 

30  mg  broaate,   oxygon 

atmosphere 

ourvST 

char- 
act  or- 

Percent  sodium 

chloride 

1 ..-  L ;  : : 

:         0 

:         1 

:         5 

:          10 

2           15 

Farinograni  values 

H 

525 

455 

405 

355 

315 

■, 

1.25 

1.25 

1.15 

0.85 

0.65 

t/i 

420 

364 

353 

418 

485 

Extenso^ram  values 

Pa 

6.10 

0.70 

12.30 

11.20 

2.50 

Fb 

7.90 

10.60 

13.50 

11.45 

2.75 

:  ..;.-. 

15.55 

18.05* 

20.80»# 

17.30* 

6.05 

Fbb 

14.70 

16.40*,? 

20.95»j? 

18.10* 

6.40 

11.25 

12.45 

13.25 

8.00 

5.85 

10.60 

12.15 

13.30 

7.90 

5.95 

Epb 

6.45 

9.10* 

9.25*# 

6.40* 

4.85 

7.20 

9.25*# 

9.45*# 

6.90* 

5.30 

■t 

14.05 

16.55 

18.55 

13.45 

11.80 

Eb 

13.00 

14.15 

18.45 

12.85 

9.30 

1  U 

8.30 

12.15 

12.55# 

11.85 

8.70 

Ebb 

8.25 

12.20# 

12.40# 

10.10 

8.55 

Eta 
4b 

I    .00 

16.55 

18.55 

13.45 

11.80 

13.00 

17.30 

18.45 

14.55 

12.05 

.  Jfta 

.SO 

12.15 

13.05# 

11.85 

8.70 

8.25 

12.20# 

12.40# 

11.75 

8.65 

Ai& 
Ajbb 

46.27 

78.34 

115.86 

56.13 

10.50 

54.34 

78.27 

111.10 

56.51 

8.26 

47.42 

108.61* 

102.87*# 

68.55* 

17.47 

58.82 

114.69*# 

103.42*# 

77.57* 

20.34 

Aa 

ei.76 

111.94 

160.96 

100.35 

20.42 

Ab 

71.04 

98.43 

168.24 

95.42 

19.07 

Aaa 

64.32 

154.50* 

1  4.88a 

122.24* 

33.00 

Abb 

72.26 

164.80*/? 

186.50*# 

115.81* 

35.46 
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VIII 

30  mg  bro.nate»  air 

atmosphere 

Curve 

• 

- 

char- 
acter- 

: 

Percent  s:dliua 

chloride 

i 

1 1 1 1  e  i 

l           0 

:          1 

t         5 

l          10 

:          15 

Parlnogram  values 

H 

480 

460 

395 

345 

295 

1 

1.10 

1.15 

1.00 

0.85 

0.60 

u/v 

436 

391 

395 

406 

492 

Extenaograni  values 

Fa 

6.50 

8.55 

11.76 

8.55 

1.70 

Fb 

7.20 

9.30 

12.10 

8.65 

2.45 

Faa 

13.05 

17.60* 

19.80*# 

18.45* 

6.70 

Fbb 

14.55 

18.10* 

20.05*# 

18.95* 

7.15 

&J 

IS.  SO 

13.65 

14.25 

10.50 

6.80 

Ep> 

11.15 

13.65 

13.70 

9.30 

6.70 

1  <M 

E£bb 

6.25 

7.10* 

8.10*# 

7.60* 

5.50 

6.35 

7.15* 

e.io*# 

7.55* 

5.55 

Ea 

15.60 

17.30 

19.05 

15.65 

10.40 

Eb 

13.80 

10.70 

18.80 

15.15 

10.40 

;;aa 

. :  ■ 

10.70 

13.45# 

12.10 

12.95 

Ebb 

7.70 

10.95 

13.40# 

13.30 

10.05 

E*.a 

Etb 
E^aa 

E^bb 

17.05 

18.95 

19.05 

17.75 

10.40 

15.85 

16.70 

19.30 

16.55 

10.40 

8.45 

10.70 

13.95# 

12.10 

12.95 

7.70 

10.95 

14.15£ 

13.30 

10.05 

A,  a 
gb 

Ataa 

54.21 

75.20 

114.56 

58.05 

8.32 

52.22 

31.15 

116.93 

56.19 

10.18 

44.54 

66.18* 

127.49*# 

85.89* 

22.91 

Apb 

50.88 

69.54* 

127.87*# 

88.19* 

25.60 

Aa 

72.00 

102.27 

169.86 

94.40 

13.06 

Ab 

70.91 

106.94 

173.88 

92.86 

18.37 

Aaa 

64.90 

110.72* 

195.S5*# 

142.21* 

45.89 

Abb 

65.98 

114.03* 

196.16*# 

154.56* 

48.70 

Table  14.   (cont.) 

IX   30  m£  bromate,  nitrogen  atmosphere 
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Curve 

cliar-  :_ 

aoter-  t 

lstics  : 


f'creent  sodium  chloride 


10 


Farinocrftri  values 

H         tM       400       375       335 

1.10      0.95      1.00      0.75 
It/        414       426       375       447 


15 


290 

0.60 

483 


Lxtenso{;x-au  values 


Fa 

9.50 

10.90 

11.35 

7.85 

4.05 

Fb 

11.55 

11.55 

12.25 

9.05 

5.40 

PM 

15.95 

17.50* 

19.50* 

18.50* 

13.90 

Fbb 

14.25 

17.70* 

19.55* 

19.05* 

1    .- 

«Cb 

11.10 

11.30 

li«Tl 

11.25 

11.05 

10.15 

10.15 

11.20 

11.35 

11.10 

K,aa 
Kjbb 

5.30 

5.65* 

7.10* 

6.60* 

6.25 

5.55 

5.65* 

7.35* 

6.65* 

6.35 

Ea 

13.15 

13.75 

18.70 

17.20 

ie»M 

aft 

12.15 

12.20 

10.50 

16.15 

16.90 

Kaa 

6.40 

9.05 

12.00 

10.90 

10.90 

7.00 

7.70 

13.25 

11.75 

11.10 

ttb 

14.00 

10.20 

20.85 

17.20 

17.00 

13.05 

12.20 

17.30 

10.16 

16.90 

Etaa 

6.40 

9.05 

12.00 

10.90 

10.90 

rhb 

7.00 

7.70 

13.25 

11.75 

11.35 

le^H 
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Table 

14.   (concl. 

) 

Curve 
char- 

Percent  sodium 

chloride 

acter- 
latles 

«    0    : 

1 

:    5 

t    10 

:    15 

A-ia 
Alb 

Ataa 
AHab 

A* 
Ab 
AM 

Abb 

56.70 
61.57 
43.14 
39.01 

74.18 
81.22 
57.92 
55.17 

75.46 

70.08 

57.63-* 

51.01;: 

99.65 
88.06 
96.70* 
82.88* 

87.74 
87.42 
86.14* 
87.62? 

146.82 
144.83 
156.54* 
164.16* 

57.41 
65.15 
77.: 
83.14* 

89.34 
101.31 
132.93* 
153.02* 

32.26 
41.54 
57.02 
58.24 

52.35 

69.18 

95.36 

101.76 

;oitrapolated  value  or  dependent  upon  extrapolated  vclue. 

The  doue!-  giving  fchli  value  *ar  so  tight  (the  cylinder  of 
dough  was:  ao  short  in  length)  that  it  had  to  be  stretched 
by  hand  in  order  that  the  dough  holder  prongs  oould  en- 
gage and  thus  hold  it  while  It  was  being  stretohod  in  the 
oxtensograph.  This  poor  technique  (but  unavoidable  be- 
oause  M  .  rovlsion  in  the  dough  holder  v'.osign  had  beon 
made  to  permit  itii  adaptation  for  unusually  tight  dcughs) 
accounts  for  the  lower  results;  i.e.,  tho  dough  was 
strotcliod  a  little,  giving  it  a   smallor  diameter,  thus 
needlnr  lass  force  to  stretch  it.  Also  this  stretching 
by  hand  VftU  not  the  same  la  na.jh  casa  which  explains 
why  tho  duplicates  may  vary  n.  re  than  with  normal  pro- 
cedure . 


3.  Effect  of  Mixing  Atmo3phoro.  Farinogram  heights  of 
doughs  mixed  in  oxygen  were  higher  than  those  mixed  in  air,  and 
those  mixed  in  air  were  higher  than  tho30  mixed  in  nitrogen. 
This  relationship  hold  for  the  different  concentrations  of  NaCl 
alone,  KBrO^  alone,  and  combinations  of  sodium  chloride  and 
potassium  bromate.  No  overall  trend  concerning  farlnogram 
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widths  was  found,  since  Increase  in  Had  was  found  to  decrease 
the  differences  caused  by  mixing  in  different  atmospheres,  until 
with  15  percent  salt  there  were  no  differences  in  farinogram 
width  values  of  doughs  mixed  in  different  atmospheres.  Gener- 
ally, however,  farinogram  widths  were  greatest  fcr  doughs  mixed 
in  oxygen,  smallest  for  those  mixed  in  nitrogen,  while  those 
mixed  In  air  were  Intermediate.  The  h/w  value  was  found  to  in- 
crease with  Increasing  oxygen  in  the  mixing  atmosphere. 

4.  Effect  of  Mixing  Atmosphere  and  NaCl.   Increasing  con- 
centrations of  HaCl  decreased  the  differences  In  farinogram 
heights  caused  by  mixing  in  different  atmospheres  until  15  per- 
cent NaCl  was  used,  then  an  increase  began.  The  farinogram 
height  difference  in  Brabender  units  of  doughs  mixed  in  0a,  air, 
and  H2  with  Increasing  percent  of  salt  was  as  follows i  o  percent: 
65,  1  percent j  50,  5  percent:  30,  10  percent:  20,  and  15  porcent: 
25.  The  differences  between  02  and  air  mixes  were  greater  than 
the  differences  between  air  and  Hg:  02-alr  difference,  0  per- 
cent: 40,  1  percent:  40,  5  percent:  20,  10  percent:  0,  15  por- 
cent: 25)  air-Ng  difference,  0  porcent:  25,  1  poroent:  10,  5 
percent:  10,  10  percent:  20,  and  15  percent:  0.   It  is  a  possi- 
bility that  the  increase  in  the  Og-alr-15  percent  NaCl  differ- 
ence was  due  to  a  synorgestic  effect  between  oxygen  and  salt. 
The  same  may  be  true  of  the  air-Ng-10  percent  NaCl  difference, 
although  it  is  more  likely  that  this  figure  Is  anomolous. 

Sodium  chloride  and  oxygen  were  opposing  forces  where  far- 
inogram widths  wero  concerned.  Salt  decreased  the  farinogram 
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widths,  whllo  oxygon  Increased  them.  *or  the  concentrations 
of  salt  and  the  purities  of  oxygen  In  the  mixing  atmospherea 
used  in  this  study,  the  Influence  of  NaCl  was  greater  than  the 
effect  produced  on  the  dough  by  the  mixing  atmosphere  as  ex- 
pressed through  farinogram  widths.  With  salt  concentrations 
up  to  1  percent,  the  mixing  atmosphere  was  equal  to  or  stronger 
than  salt  in  effect,  but  with  concentrations  above  1  percent, 
the  salt  effect  completely  overshadowed  the  mixing  atmosphere 
effect. 

The  HA  relationship  was  also  affected  differently  by  salt 
and  mixing  atmosphere.   Increase  in  oxygen  alone  increased  the 
value,  while  with  salt  alone  It  readied  a  minimum  with  5  percont 
and  then  increased  again  regardless  of  the  mixing  atmosphere. 
The  combined  effeot  of  salt  and  mixing  atmosphere  on  the  b/w  re- 
lationship was  similar  to  that  on  farinogram  widths  in  that  the 
lnfluenoe  of  salt  wa3  greater  than  that  of  mixing  atmosphere. 

5.  Effect  of  Mixing  Atmosphere  and  KBrOj.  ;  xygen  and 
KBrOs  had  opposing  effects  on  farinogram  heights,  Increased 
oxygen  content  of  tho  mixing  atmosphore  increased  farinogram 
heights  while  Increasing  amounts  of  KBrO,  decreased  them.  The 
effeot  of  br.  mate  was  completely  masked  when  the  dough  was  mixed 
under  oxygen,  but  the  concentrations  of  bromata  used  were  not 
high  enough  to  maks  the  effeot  produced  by  mixing  in  different 
atmospheres. 

The  differences  between  farinogram  widths  were  not  large 
enough  to  illustrate  the  combined  effect  of  mixing  atmosphere 
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and  potassium  broraato. 

The  E/k   relationship  with  different  atmospheres  was  crit- 
ical with  3  mg  bromate. 

6.  Effeot  of  Wad  and  KBrOg.  The  combined  effect  of  salt 
and  bromato  Is  Intimately  oonr.ected  with  the  mixlne  atmosphere 
when  farlnogram  heights  are  concorned.   In  order  fee  consider 
the  combined  effect  of  a alt  and  bromato,  the  mixing  atmosphere 
must  either  be  eliminated  or  neutralized.   Practically  speaking, 
mixing  atmosphere  oan  never  be  eliminated.  In  this  study, 
nitrogen  atmosphero  was  the  moat  neutral,  and  it  was  with  these 
mixes  that  conclusions  concerning  the  effect  of  salt  and  bromate 
on  HI  values  were  drawn.   In  a  nitrogen  atmosphero,  there  was 
a  synergestio  effect  between  salt  and  bromato  on  farinogram 
heights.  Mixing  in  air  and  oxygen,  obliterated  this  synergism. 

The  differences  between  farinogram  widths  were  not  large 
enough  to  Illustrate  any  combined  effect  of  salt  and  bromato. 

Tho  combined  effect  of  salt  and  bromate  on  the  H/w  rela- 
tionship of  doughs  mixed  under  nitrogen  was  to  decrease  the 
spread  of  H/W  values  In  relation  to  the  salt  effect  on  them. 

7.  }.ffect  of  Kixlng  Atmosphere,  NaCl,  an";  KBrO_.  The 

o 

resultants  of  the  combined  effect  of  these  three  variable* 
are  rather  oomplex.  Farinogram  heights  decreased  until  each 
successive  force  came  into  effect  and  increased  them;  thus  for 
02  mix  the  increase  oame  with  rero  por  cent  Had  and  15  mg  bro- 
mate, with  air  mix  it  came  with  1  per  cent  NaCl  and  15  mg  bro- 
mate, and  with  N2  mix  It  oame  with  10  per  cent  NaCl  and  15  mg 
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bromate. 

The  ovarali  picture  was  one  of  farinogram  width  decrease 
with  increases  in  salt  and  bromate  and  approach  to  a  neutral  at- 
mosphere • 

B/v   relationship  is  best  comprehended  by  comparing  3-dinen- 
slonal  Figs.  1,  2,  and  3.  One  of  the  salient  features  was  a 
shift  to  tha  right  in  the  direction  of  flow  or  the  troughs  fo;»ed 
by  the  lowest  R^f  values  of  tho  three  atmospheros,  02»  air,  and 

V 
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for  the  sake  of  easier  comprehension,  aro  categorized  according 
to  the  effect  produced  by  the  different  variables!  first  singly 
and  then  in  combination.  For  complete  data»  sea  Table  14. 

1.  I  ffect  of  HaCl.  All  exten30<;ram  values  increased  with 
an  increase  in  Nad  until  maximum  values  were  reached  after 
which  further  increase  in  HaCl  caused  reductions  in  extonso;  ram 
values* 

2.  Effect  of  KBrOg.  Force  values  increased  with  increase 
In  bromate.  No  completely  overall  statement  concerning  exten- 
sibility and  area  values  could  bo  made,  but  generally  there 
was  a  decrease  in  extensibility  values  and  increases  in  area 
values  with  increase  in  bromato. 

3.  Jffect  of  Klxing  Atmosphere.  Force  values  of  doughs 
mixed  in  oxygen  were  higher  than  those  mixed  in  air,  while 
those  mixed  in  nitrogen  were  lowest.  Extensibility  values  of 
doughs  mixed  In  oxygen  were  smaller  than  thoae  mixed  in  air  and 
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540   (E/ST  value) 


450  (n/lV  value) 


ag  KEr03 


Fig.  1.  The  influence  of  sodium  chloride  and  _*.  , 
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580  (H/tY  value) 


435  (HA7  value) 


394  (H/w  value) 


ag  KBrOg 


406  (n/n 
value ) 

i  i 

5 

ITaCl 

Pig.  8.  The  Influence  of  sodium  chloride  and  potaaolun 

u£de^l£a  the  ^'V  rolatlon>hlP  of  doughs  mixed 
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580   (n/v:  value) 


432   (li/W  value) 


;^.  r  . 


Pig.  3.  The  Influence  of  sodium  chloride  and  potassium 

bronate  on  the  ll/v   relationship  of  doughs  nixed 
under  nitrogen. 
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nitrogen;  generally  air  mixes  were  smaller  than  nitrogen  mixes • 
Area  values  were  largest  for  doughs  mixed  under  oxygen  and 
smallest  when  mixed  under  nitrogen  with  air  mixes  being  Inter- 
mediate • 

4.  LXfect  of  Klxing  Atmosphere  and  NaCl.  Oxygen  in  the 
mixing  atmosphere  masked  tremendously  the  effect  of  salt  on  F 
values;  e.g.,  10  percent  NaCl  increased  F  values  approximately 
eight  fold  when  mixed  under  nitrogen,  three  fold  when  mixed 
under  air,  while  they  were  only  doubled  when  mixed  under  oxygen. 
This  effect  also  held  true  for  area  and  extensibility  values 
although  t!u  magnitude  was  not  as  large,  being  but  faintly 
evident  in  the  case  of  extensibility.  Oxygen  in  the  mixing  at- 
mosphere also  lowered  tho  psroentago  of  salt  needed  to  give 
maximum  extensogram  values;  thus  with  oxygen  mixes  maximum  ex- 
tensor-ram F,  A^,  and  A  values  were  obtained  with  only  5  percent 
Had.  while  with  nitrogen  mixes  10  percent  NaCl  was  necessary, 
and  with  E.  »  E  and  E^  maximum  values  were  obtained  with  one  per- 
cent HaCl  whon  the  mixing  was  done  under  oxygen  while  with 
nitrogen  mixes  5  percent  NaCl  was  necessary. 

5.  Effect  of  Kixing  Atmosphere  and  KBrO,.  Oxygen  in  the 
mixing  atmosphere  masked  to  a  great  extent  the  effect  of  bromate 
on  F  values;  e.g.,  50  mg  of  bromate  Increased  F  values  approx- 
imately 12  fold  when  mixed  under  nitrogen,  three  fold  when  mixed 
under  air,  while  they  were  only  doubled  when  mixed  under  oxygen. 
This  effect  also  held  true  for  area  values  although  the  mag- 
nitudes were  not  as  great.   »ith  extensibility  values,  however, 
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increase  In  bromate  decreased  extensibility  values,  and  doughs 
mixed  under  nitrogen  showed  a  greater  decrease  in  extensibility 
than  did  those  mixed  under  air,  and  those  mixed  In  air  gave  more 
of  a  decrease  than  did  those  mixed  under  oxygon.  Oxygen  in  the 
mixing  atmosphere  also  lowered  the  percentage  cf  bromate  needed 
to  give  maximum  figures  for  P»  A-l*  and  A  values  and  it  In- 
creased tho  percentage  cf  bromate  necessary  to  give  maximums 
for  £■■»  E,  an  J  E^  values. 

6.  Fffect  of  Had  and  KBrO,.   Force  values  Increased  with 
increased  salt  and  bromate  until  the  influence  of  excess  salt 
which  lowered  F  values  wa3  greater  than  increased  bromate  which 
increased  F  values,  after  which  F  values  became  amallor  but  not 
as  small  as  zero  percent  salt-zero  percent  bromate  force  values , 
thus  showing  the  continued  dough  stiffening  effect  of  bromate 
even  though  it  was  masked  by  exees3  NaCl.  Area  values  were  in- 
fluenced similarly  by  increased  salt  and  bromate  when  mixing 
atmosphere  had  no  deciding  influence.  No  overall  statement 
conoernln  extensibility  values  could  be  made  without  Introduc- 
ing the  Influence  of  mixing  atmosphere. 

7.  Effect  of  Mixing  Atmosphere,  NaCl,  and  KBrOj.  vith 
oxygon  mixes,  increased  bromate  resulted  in  Increased  F  values 
when  the  concentrations  of  NaCl  remained  the  same  except  with 
Instances  of  excess  NaCl}  i.e.,  when  NaCl  no  longer  acted  as  a 
dough  dovelopor  and  Increased  F  valuea  as  was  the  oase  with  15 
percent  salt,  which  resulted  in  lower  F  values.  Tho  same  held 
true  with  air  and  nitrogen  mixes  with  tho  exception  that  nitrogen 
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mix   P  val  uos  continued  to  Increase  as  tha  bromato  Increased 
•von  with  15  percent  NaCl.  The  magnitude  of  Increase  la  F 
valuos  was  largest  for  dough  mixed  under  nitrogen,  smallest  for 
those  mixed  under  oxygon  and  intermediate  for  those  mixed  In  air. 

Ej_  values  generally  decreased  with  Increase  Ir.  bronate  when 
the  concentrations  of  salt  remained  the  same  for  oxygen  and  air 
mixes.  For  doughs  mixed  in  nitrogen,  E,  values  decreased  with 
Increase  in  bromate  whan  the  concentrations  of  salt  remained  the 
sarae  with  the  exception  of  the  set  with  15  percent  salt  where 
Increase  in  bromate  caused  an  increase  in  E,  values.  Tho  magni- 
tude of  decrease  la  Ej_  values  was  greatest  f  ,r  doughs  mixed 
under  nitrogen,  smallest  for  those  mixed  under  oxygen  and  inter- 
mediate for  those  mixed  in  air. 

No  overall  statement  concerning  E,  Et,  A^  and  A  values  cf 
oxygen  mixes  could  bo  made  without  qualifications  concerning 
sequence  of  duplicate  doughs  and  stretch. 

air  and  nitrogen  mixes  with  Increase  in  bromate  when 
the  concentrations  of  3alt  remained  the  same,  E  an \   E^  values 
generally  decreased,  whilo  Aj^  ar.d  a  values  lnoreased  with  0, 
1,  and  5  percent  salt  and  generally  decreased  with  10  and  15 
percent  XaCl.  No  overall  atatenent  concerning  magnitudes  of 
Increase  or  deoroase  could  bo  made  without  qualifications  con- 
cerning sequence  of  duplicate  doughs  and  stretch. 

Exten3op;raa  Value  Differences  Between  Dough  duplicates.  The 
extonsograra  value  differences  between  dough  duplicates,  as  af foot- 
ed by  NaCl,  KBrOg  and  mixing  atmosphere,  and  as  shown  in  Table  15, 
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are  categorized  according  to  the  effect  produced  by  the  differ- 
ent variables,  first  singly  and  then  in  combination. 

1.  Effect  of  NaCl.   Increased  salt  caused  p  value  dough 
duplicates  to  differ  increasingly  frost  each  other  but  character- 
ising this  dlfferenoe  as  being  positive  or  negative  was  not 
possible  without  qualifying  tho  nixing  atmosphere.  No  overall 
statement  concerning  hi  E,  B|«  A-^  and  A  values  could  be  made 
without  qualifying  the  mixing  atmosphere. 

2.  : f f act  of  KRrOg.   Increased  bromate  caused  F  value 
dough  duplicates  to  differ  increasingly  from  each  other  but 
designating  this  difference  as  being  positive  or  negative  was 
not  possible  without  qualifying  thn  mixinc  atmosphere.  No 
overall  statement  concerning  E^,   E,  L't,  k-^   and  a  values  could 
be  made  without  qualifying  the  mixing  atmosphere 

3.  J.ffoct  of  Hixing  Atmosphere.   Increased  oxygen  in 
the  mixing  atmosphere  caused  F,  A-±   and  A  value  dough  duplicate 
differences  to  become  slightly  more  negatively  pronounced.  No 
trend  concerning  E.^,  E  and  F.  values  was  discernible. 

4.  Effect  of  Mlxinc  Atmosphere  am'.  Macl.   Increased  oxygen 
and  increased  salt  resulted  in  lncrsaaed  differences  in  F  du- 
plicates; e.g.,  Ng  aix-0  percent  3alt  values  were  0.00  and 
-0.10,  air  mix-5  percent  salt  values  were  -0.80  arid  -0.30  and 

Og  mix-15  percent  salt  values  were  -1.85  and  +1,35.  There  was 
a  slight  tendency  for  increased  oxygen  and  increased  salt  to 
decrease  differences  in  Ej_,  E  and  Et  values.  For  A,  and  A 
values,  tho  largest  duplicate  differences  for  rr„  mixes  were 


117 

Table  15.  Lxtensogram 

value  differences  between  duplicate  doughs 

as 

affected  by  NaCl» 

KBrOg  and 

mixing  atmosphere.* 

i. 

Percent  MaCl 

o 

:    1 

:    5 

:   10   : 

15 

Zero  mg  b 

r-omate  f  Og 

atmosphere 

Fa  -  Fb 

-0.20 

-0.30 

0.85 

0.30 

-1.25 

Faa  -  Fbb 

-0.50 

0.30 

-0.50 

-2.05 

1.35 

Exa  -  Eib 
E,aa  -  E^bb 
EB  -  Eb 

-1.20 

1.20 

0.85 

0.15 

0.05 

-1.05 

0.20 

0.75 

1.25 

0.05 

-1.70 

3.00 

0.45 

-0.10 

-1.30 

Faa  -  :bb 

-1.40 

-0.15 

2.55 

2.30 

-0.85 

Eta  -  Ktb 
Etaa  -  Ijbb 
A1a  -  Aib 
Anao  -  t-ibb 
AS  -  Ab  A 

-0.65 

-0.15 

0.45 

-0.10 

-1.30 

-1.40 

-0.15 

2.55 

-0.10 

-0.15 

-5.76 

2.75 

18.82 

2.24 

-1.84 

-11.96 

0.00 

-9.53 

-1.09 

5.89 

-6.02 

13.19 

18.96 

2.76 

-11.03 

Aaa  -  Abb 

-15.04 

-30.71 

14.59 

3.33 

1.47 

3  ).£  bromate,  O2 

atmosphere 

Pa  -  Fb 

-0.55 

-0.70 

-1.70 

-1.55 

-0.70 

Faa  -  Fbb 

0.70 

-0.70 

0.15 

0.25 

1.10 

Ela  "  I;lb 
E,aa  -  I.ibb 
EK  -  Eb 

0.15 

-0.40 

-1.30 

0.00 

-0.75 

-0.30 

0.90 

-0.35 

0.45 

. 

0.25 

0.70 

-0.15 

-0.80 

1.40 

Eaa  -  >bb 

-1.40 

-0.20 

-  . 

-0.20 

-0.10 

Eta  -  Etb 
Etaa  -  Etbb 
A]a  -  AiD 
Aiaa  -  A\bb 
AS  -  Ab  •*• 

-3.25 

0.05 

-0.15 

1.40 

1.40 

-1.40 

-0.20 

-2.85 

-0.20 

-0.10 

-4.80 

-10.05 

-19.26 

-10.11 

-4.29 

0.77 

2.5C 

-5.18 

7.17 

5.18 

0.64 

-12.61 

-23.17 

-20.10 

-2.11 

Aaa  -  Abb 

-7.43 

-3.99 

-39.13 

4.60 

8.32 

30  m£  bromate,  0_ 

atmosphere 

Fa  -  Fb 

-1.80 

-0.90 

-0.30 

-0.25 

-0.25 

Faa  -  Fbb 

-1.15 

-0.35 

-0.15 

-0.80 

-0.35 

El*  "  Klb 
E£aa  -  Ejbb 

Ea  -  Eb 

0.65 

0.30 

-0.05 

0.10 

-0.10 

-0.75 

-0.15 

-0.20 

-0.50 

-0.45 

1.05 

2.40 

0.10 

0.60 

2.50 

Eaa  -  rbb 

0.05 

-0.05 

0.15 

1.75 

0.15 

1  ta  -  1  tb 
Etaa  -  Etbb 
A ,8  -  A,B 
An  aa  -  Ribb 
As.  -  Ab 

5.00 

-0.75 

0.10 

-1.10 

-0.25 

0.05 

-0.05 

0.65 

0.10 

0.05 

-8.07 

0.07 

2.76 

-0.38 

2.24 

-11.40 

-6.08 

-0.55 

-9.02 

-2.87 

-9.28 

13.51 

-1.28 

4.93 

1.35 

Aaa  -  Abb 

-7.94 

-10.30 

-2.12 

6.43 

-2.37 
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Table  15.   (cont.)* 

Porcent  RaC 

X 

0 

:    1    :    5 

:   10 

15 

Zoro  mg  broraate,  air 

atmosphere 

Pa  -  Fb 

-0.05 

-0.25     -0.80 

-0.65 

-0.05 

Faa  -  Fbb 

0.15 

-0.56     -0.30 

-0.35 

1.60 

El*  "  ki  b 
Eiaa  -  E-ibb 

0.85 

0.10      0.25 

0.15 

1.00 

-0.60 

-3.20     -0.65 

-0.50 

1.15 

Ea  -  Kb  L 

1.05 

2.60      2.55 

0.75 

0.40 

Eaa  -  Ebb 

0.55 

-1.55     -0.15 

-0.90 

2.05 

Eta  -  Etb 
Etaa  -  Ei.bb 
A,a  -  A,b 
ATaa  -  K-ibb 
AS  -  Ab 

-0.10 

-0.15      0.05 

-0.25 

0.40 

-0.25 

-0.50     -0.45 

-1.35 

-1.80 

0.90 

-3.91     -S.84 

-1.43 

-2.76 

8.24 

-17.85     -4.44 

-6.14 

14.15 

2.12 

3.14     -2.94 

-2.85 

1.66 

Aaa  -  Abb 

0.20 

-10.30     -3.61 
3  mg  broaate,  air 

-11.65 
atmosphere 

25.72 

Fa  -  Fb 

-0.10 

-0.25     -0.50 

-0.60 

-1.20 

Faa  -  Fbb 

0.75 

0.25     -0.05 

-0.10 

0.15 

Eiaa  -  vijbb 

1.90 

-2.00      1.10 

1.05 

1.60 

0.30 

1.25      1.00 

0.45 

0.70 

Ea  -  Kb 

2.90 

-2.05      2.75 

2.75 

2.20 

Eaa  -  Ebb 

0.40 

1.95     -1.40 

-0.15 

0.20 

Eta  -  Etb 
Etaa  -  Etbb 

Ala  "  Al° 
A-,aa  -  fl-ibb 

AS  -  Ab 

-1.90 

0.05      0.30 

0.25 

2.20 

-2.90 

0.70     -1.40 

0.15 

1.00 

3.97 

-8.20     -0.51 

-0.23 

-3.52 

8.96 

10.17      5.31 

2.22 

1.73 

5.51 

-8.96      9.15 

6.46 

-6.79 

Aaa  -  Abb 

9.67 

15.30    -17.09 
30  mg  broaato.  air 

-2.28 
atmosphere 

3.33 

Fa  -  Fb 

-0.70 

-0.75     -0.35 

-0.10 

-0.75 

Faa  -  Fbb 

-1.50 

-0.50     -0.25 

-0.50 

-0.45 

Eja  -  Eib 
Eiaa  -  E-ibb 

1.35 

0.00      0.55 

0.70 

1.10 

-C .  10 

-0.05      0.00 

0.05 

-0.05 

Ea  -  Eb 

1.30 

0.60      0.25 

0.50 

0.00 

Eaa  -  Ebb 

0.75 

-0.25      0.05 

-1.20 

2.90 

Ej-a  -  E*b 
Etaa  -  £tbb 

1.20 

2.25     -0.25 

1.10 

0.00 

0.75 

-0.25     -0.20 

-1.20 

2.90 

Ala  ~  Aib 
A,aa  -  A-ibb 

Att  -  Ab  x 

1.99 

-5.95     -2.37 

1.86 

-1.86 

-6.34 

-3.36     -0.38 

-2.30 

-2.69 

1.09 

-4.67     -9.02 

1.54 

-5.31 

Aaa  -  Abb 

-1.03 

-3.31     -0.51 

-12.35 

-2.81 
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Table  IS.      (eoncl.)» 

Percent  ;;aCl 

0            S 

1         : 

5 

:        10        : 

15 

M 

ro  ng  bromate,   Ng 

atmosphere 

Pa  -  Fb 

0.00 

-0.05 

-0.05 

-0.15 

-1.10 

Faa  -  Fbb 

-0.10 

-0.05 

-0.50 

-0.85 

-1.10 

Exa  -  r,b 
Ktaa  -  E,bb 
H  -Kb 

-3.50 

0.20 

0.15 

-1.90 

-0.35 

-0.15 

1.25 

-0.10 

2.00 

0.05 

-4.90 

-0.60 

-0.05 

-0.10 

0.55 

Eaa  -  Ebb 

-0.95 

-1.00 

0.05 

0.45 

-0.20 

-     t* 

-2.75 

1.15 

0.20 

-0.10 

-1.90 

Etaa  -  £».bb 

0.20 

-0.55 

0.05 

-1.45 

2.50 

Ala  "  'l* 
A-iaa  -  A-ibb 

AS  -  Ab  x 

-4.10 

-0. 

0.32 

-12.48 

-Q.06 

-0.89 

3.62 

-4.48 

-0.06 

-7.94 

-6.97 

-2.05 

-C.71 

-3.90 

-10.18 

Aaa  -  Abb 

-2.37 

-1.34 

-7.55 

-15.43 

-13.69 

3 

mg  bromate 

.  ffg  atmosphere 

Pa  -  Fb 

0.00 

-0.05 

0.06 

-0.95 

-1.05 

Paa  -  Fbb 

-0.15 

-0.40 

-1.20 

0.30 

-1.25 

Eja  -  F,b 
Eiaa  -  Eibb 

0.40 

-0.65 

2.00 

-0.05 

1*98 

-1.70 

0.15 

-0.45 

-0.50 

0.05 

Ea  -  Eb 

0.15 

1.45 

-0.10 

-2.20 

3.90 

Eaa  -  Ebb 

-1.75 

0.60 

-0.25 

-0.80 

-1.30 

Eta  -  Etb 
E^aa  -  £tbb 

Al"  "  Al° 
Aiaa  -  K,bb 

A*  -  Ab  x 

2.15 

-2.35 

-0.10 

'  .  : 

2.50 

-4.15 

-2.06 

-0.25 

-0.80 

0.75 

-0.25 

-0.45 

5.39 

-11.01 

-2.43 

-2.50 

-2.78 

-19.65 

-1.53 

-12.92 

-1.54 

5.1* 

-6,85 

-26.37 

-3.46 

Aaa  -  Abb 

-4.80 

-3.08 

-27.27 

-1.48 

-32.71 

30 

ag  bromato 

t   Njj  atmosphere 

Fa  -  Fb 

-2.05 

-0.65 

-0.90 

-1.20 

-1.35 

Faa  -  Fbb 

1.70 

-0.20 

-0.05 

-0.55 

-0.50 

Etaa  -  E,bb 
M  -  Fb  ± 

0.95 

1.15 

1.55 

-0.10 

-0.05 

-0.25 

0.20 

-0.25 

-0.05 

-0.10 

1.00 

1.55 

2.20 

1.05 

0.05 

Eaa  -  Ebb 

-0.60 

1.35 

-1.25 

-0.85 

-0.20 

Et*  -  V 

Etaa  -  t+bb 

Ala  "  Al" 

0.95 

4.00 

3.55 

1.05 

0.10 

-0.60 

1.35 

-1.25 

-0.Q5 

-0.45 

-4.87 

5.38 

0.32 

-7.74 

-8.58 

Anaa  -  Aibb 

4.10 

6.65 

-1.48 

-5.76 

-1.22 

Aa  -  Ab 

-7.04 

11.59 

1.99 

-11.97 

-16.83 

Aaa  -  Abb 

2.75 

13.  G2 

-7.62 

-20.09 

-G.40 

*  Data  derived 

from  Table 

14. 
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the  values  with  15  percent  salt,  for  air  mixes  there  was  no 
cloar  cut  Indication,  and  for  Og  mixes  greatest  difforences 
occurred  fcr  values  with  5  percent  salt.  As  oxygen  in  the  mix 
increased,  there  was  a  distinct  tendency  for  duplicate  differ- 
ences of  all  values  with  the  exceptions  of  E  and  E+  values  to 
be  positive  rather  than  negative;  i.e.,  for  first  duplicate 
values  to  be  larger  than  seoond  duplicate  values  regardless  of 
salt  concentration* 

5.  if feet  of  Mixing  Atmosphere  and  KBrO_.  Although  In- 
creased oxygen  and  increased  bromate  resulted  in  Increased  dif- 
ferences between  F  value  duplicates,  the  combined  effect,  al- 
though larger  than  the  oxygen  effect,  was  not  as  large  as  the 
bromate  effect.  There  was  a  tendency  for  first  stretch  dupli- 
cate Ej_  values  to  be  positive  (Eja  values  larger  than  E,b  values) 
and  second  stretch  duplicate  Ej^  values  to  be  negative  (E^bb 
values  larger  than  E.aa  values);  also  this  tendency  became 
greater  with  increased  bromate  regardless  of  mixing  atmosphere. 
The  difference  between  duplicates  of  first  stretch  g.  values 
was  always  larger  than  the  difference  between  duplicates  of 
second  stretch  E,  valuos  regardless  of  bronate  and  oxygen  con- 
centration. The  combined  effect  of  increased  bromate  and  oxygen 
on  E  values  was  to  reduce  differences  between  duplicates,  tending  to 
make  first  duplicate  values  larger  than  second  duplicate  values. 
No  tendency  regarding  Et  values  was  discernible.  There  was  a 
tendency  for  A.  and  A  values  whose  dough  had  3  mg  bromate  to  be 
lesa  negatively  or  more  positively  pronounced  than  those  of  0  mg 
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or  30  nig  bromate  ralxea  regardless  of  oxygen  concentration. 

6.  l-ffeot  of  Nad  an:  KBrOg.  Although,  singly,  Increased 
bromate  caused  F  value  dough  duplicates  to  increasingly  differ 
from  each  other,  the  combined  effect  resulted  in  somewhat  re- 
duced differences  even  regardless  of  mixing  atmosphere  when 
compared  with  values  produced  by  doughs  containing  high  bromate 
or  hit.h  salt  content.  There  was  also  a  definite  tendency  for 
combined  salt  and  bromate  to  render  second  duplicate  F  values 
larger  than  first  duplicate  values.  Combine:  aalt  and  bromate 
reduced  the  differences  between  first  stretch  duplicate  Ei 
values  and  between  seoond  stretch  duplicate  Ej_  values.  There 
was  a  tendency  for  combined  increased  salt  and  bromate  to  de- 
crease differences  between  I  values  of  duplicates,  but  this 
was  greatly  Influenced  by  oxygen  content.  The  combined  effeet 
of  salt  and  bromate  reduced  the  differences  between  E*  values 
of  duplicates.  Ho  overall  statement  concerning  Ax  an  A  values 
could  be  made  without  qualifying  the  mixing  atmosphere. 

7.  Effect  of  Mixing  Atmosphere,  NaCl  and  KBrOg.  Although, 
singly,  increased  !!aCl,  KBrOg  and  oxygen  caused  F  value  dough 
duplicate  differences  to  inorenso,  thu  combined  effect  was  much 
leas  pronounced.  The  combined  effeet  of  oxygen,  salt  and  bro- 
mate reduced  duplicate  difference  Ej_,  !  and  sV  values.   There 
was  a  tendency  for  Aj  and  A  value  differences  between  dupli- 
cates to  decrease  with  increased  bromate,  salt  and  oxygen;  also 
increased  oxygen  tended  to  make  this  difference  a  positive 
rather  than  a  negative  value?  i.e.,  for  first  duplicate  values 
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to  bo  larger  than  second  duplicate  values. 

KtOT  IC  !'■  ■  "':\    ■■       "-'"'■'  gg  '<?■■   ■'■■•■••'  ;  ■   I  '■  '-i;   faP ■'tc:.o ■;.   The 
extenaogram  value  differences  between  dough  stretches  as  af- 
fected by  NaCl,  KBrOj,  and  mixing  atmosphere,  aa  shown  in  Tabla 
16,  are  categorized  according  to  tha  effoct  produced  by  the 
different  variables,  first  3lngly  an-3  then  in  combination. 

1.  iffect  of  NaCl.   Increased  salt  caused  t   value  dough 
stretch  differences  to  become  more  negatively  pronounced;  i.e., 
second  stretch  F  values  becane  progressively  larger  than  firat 
stretch  F  values.  Ej»  E,  and  £.  stretch  difference  values  be- 
cu.:ie  more  positively  pronounced  with  Increased  salt  until  max- 
imums were  reached  after  which  increased  salt  resulted  in  lesa 
positively  pronounced  or  oven  increased  negatively  pronounced 
values.  Ai  and  A  values  became  tremendously  more  negatively 
pronounced. 

2.  'ffeet  of  KBrO_.   Increased  bromato  resulted  in  P 

o 

stretch  difference  values  becoming  more  negatively  pronounced, 
>i  Bi  tad  Et  values  becoming  more  positively  pronounced.  Al- 
though mixin.j  atmosphere  greatly  influenced  A1  and  A  stretch 
difference  values,  generally  increased  brooato  produced  differ- 
ence values  more  positively  pronounced  when  mixing  atmosphere 
was  disregarded. 

3.  Effoct  of  Mixin;;  Atmosphere.   Increased  oxygen  In  the 
mixing  atmosphero  caused  F  value  dough  3tretch  differences  to 
become  more  nagatively  pronounced  and  E,»  E,  and  E^  values  to 
become  more  positively  pronounced.  Ai  and  A  values  dramatically 
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Table  16.  i xtensograni  value  dlfferonoes  between  dough  stratohea 
as  affected  by  NaCl»  KBrO*  and  mixing  atmosphere.* 

II    ■IIIIIWI—    II  Ulllll  IMIH— ■■!    MiPli— ■■Willi ■■    !■     I  IIT      TTT    I 

Txcensocram  : 

character-   : Percent  "aCl 

Xstlo     j    o    i  1    t  5    ;   10   i  15 

Zero  mg  bromate,  0g  atmc sphere 

Pa  -  Faa  -4.10  -5.25  -6.35  -5.75  -6.30 

vb   -  Fbb  -4.40  -4.65  -7.70  -8.10  -3.70 

Ei a  -  Eiaa  2.60  6.45  5.50  1.65  0.00 

Eib  -  KVbb  2.75  5.45  5.40  2.75  0.00 

Ea  -  Eaa  2.50  8.00  4.80  1.40  -0.80 

'-b  -  I,bb  2.80  4.85  6.90  3.00  -0.35 

E*a  -  Efaa  3.55  8.00  4.80  0.16  -1.50 

E^b  -  E*bb  2.00  8.00  6.90  0.15  -0.35 

A?a  -  A?aa  -23.74  -5.12  11.07  -10.63  -22.66 

Aib  -  ATbb  -29.94  -7.87  -17.28  -21.96  -14.93 

Aa  -  Aaa  -32.00  -7.93  -16.45  -35.52  -38.36 

Ab  -  Abb  -41.02  -51.83  -20.82  -34.95  -25.86 

3  rag  bromatet  0g  atmosphere 


Fa  - 

Faa 

-5.35 

-6.50 

-7.70 

-9.80 

-6.00 

Fb  - 

Ibb 

-4.10 

-6.50 

-5.85 

-3.00 

-4.20 

Eia 
Ejb 

i.a  - 

-  Ej_aa 

-4.90 

5.55 

2.00 

1.65 

-0.45 

-  Ejbb 
Eaa 

4.45 

6.85 

3.75 

2.10 

0*65 

5.60 

8.80 

7.35 

2.10 

1.75 

Kb  - 

Ebb 

3.95 

7.90 

4.65 

2.70 

0.25 

Eta 

-  Etaa 

5.60 

10.00 

7.35 

4.30 

1.75 

Etb 
Ana 

■•■,. 
Aa   - 

-  Etbb 

-  Aiaa 

-  Aj[bb 
Aaa 

7.45 

9.75 

4.65 

2.70 

0.25 

-15.23 

-12.67 

-23.36 

-34.75 

-20.61 

-9.66 

-0.06 

-9.28 

-17.47 

-11.14 

-23.49 

-8.17 

4.06 

-61.12 

-33.47 

Ab   - 

Abb 

-31.56 

0.45 

-11.90 

-36.42 

-23.04 

Fa  - 

Faa 

Fb  - 

Fbb 

E]8 

ETb 
EB  - 

-  E-jaa 

-  E£bb 

Eau 

Eb  - 

Ebb 

Et-a 

-  ■»» 

Et,b 

-  Etbb 

Ala 

Aib 

-  A-iaa 

-  Ajbb 

Aa  - 

Aaa 

Ab  - 

Abb 

30  mg  bro:aate»  Og  atmosphere 


-7.45 

-8.35 

-7.60 

-6.10 

-3.55 

-6.80 

-7.80 

-7.45 

-6.65 

-3.65 

4.00 

3.35 

4.00 

1.60 

1.00 

3.40 

2.90 

3.85 

1.00 

0.65 

5.75 

4.40 

6.00 

1.60 

3.10 

4.75 

1.95 

6.05 

2.75 

0.75 

9.70 

4.40 

5.50 

1.60 

3.10 

4.75 

5.10 

6.05 

2.80 

3.40 

-1.15 

-30.27 

10.99 

-12.42 

-6.97 

-4.48 

-30.42 

7.68 

-21.06 

-12.00 

-2.56 

-42.56 

-23.04 

-21.89 

-12.67 

-1.22 

-66.37 

-24.26 

-20.39 

-16.39 
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Table  16.      (cont.)» 

Kxtenao^ram 
oharaotor- 

utu 

p 

srcent  ::aCl 

:                    • 

1 

:          5 

*        10        ; 

15 

Zero  mg  bronate,   air 

atmosphere 

Pa  -  laa 

-0.35 

-0.30 

-3.85 

-5.30 

-6.50 

Fb  -  Fbb 

-0.15 

-0.60 

-3.35 

-5.00 

-4.85 

Eja  -  Ejaa 
-  Eibb 
Ea  -     aa 

-0.10 

2.70 

4.80 

3.20 

-1.50 

-1.55 

-0.60 

3.90 

2.45 

-1.35 

-0.10 

4.70 

5.70 

4.10 

-1.40 

-  Ebb 

-0.60 

0.55 

3.00 

2.45 

0.25 

ta  -  Etaa 

1.00 

1.15 

5.70 

3.60 

-1.40 

Etb  -  Etbb 

0.S5 

.     • 

5.20 

2.50 

-3.60 

Aja  -  Ajaa 
Ajb  -  Aibb 
AS  -  Aail 

-3.46 

3.13 

-22.79 

-217.69 

-30.67 

-2.12 

-10.81 

-10,39 

-27.40 

-25.28 

-4.42 

7.94 

-44.98 

-38.76 

-CO. 35 

Ab  -  Abb 

-6.34 

-5.50 

-45.65 

-47.56 

-36.29 

3 

mg  bromato,  air  atmosphere 

Pa  -  Faa 

-1.80 

-1.95 

-4.45 

-8.10 

-8.35 

Fb  -  Fbb 

-0.95 

-1.45 

-4.00 

-7.60 

-7.00 

E]_a  -  E'jaa 
Ejb  -  E.T_bb 

0.40 

0.15 

5.20 

3.70 

0.55 

-1.20 

3.40 

5.10 

3.10 

-0.35 

Ea  -  Eaa 

1.05 

-0.70 

6.75 

5.15 

3.00 

-b  -  Ebb 

-1.45 

3.50 

2.60 

2.25 

l.OC 

1  ta  -     :taa 

1.05 

4.45 

7.50 

. 

1.95 

itb   -   Etbb 

0.05 

5.10 

5.80 

5.70 

0.75 

Al*   "   A1_aa 
Aib  -  Ajbb 

Aa  -  Aai 

-1C.3! 

-22.72 

-10.24 

-25.87 

-38.34 

-11.39 

-4.35 

-4.42 

-23.42 

-33.09 

-20.29 

-33.67 

-17.09 

-51.67 

-61.12 

Ab  -  Abb 

-16.13 

-9.41 

-43.33 

-60.41 

-51.00 

30 

mg  bromato,   air  atmosphere 

Fa  -  Faa 

-6.55 

-9.05 

-a. 05 

-9.90 

-5.00 

Fb  -  Fbb 

-7.35 

-8.80 

-7.95 

-10.30 

-4.70 

§*•  -  L-,aa 
E£b  -  EJbb 

6.25 

6.55 

6.15 

2.90 

:  . 

4.00 

6.50 

5.60 

2.25 

0.15 

Ea  -  .-.at; 

7.15 

6.60 

5.60 

3.88 

-2.o5 

Eb  -  Ebb 

6.10 

5.75 

5.40 

1.85 

0.35 

Eta  -  itaa 
¥#>  -  E^bb 

8.60 

8.25 

5.10 

• 

-2.55 

0.15 

5.75 

5.15 

3.35 

0.35 

A, a  -  A,aa 
Ajb  -  A$bb 

9.67 

9.02 

-12.93 

-27.84 

-14.59 

1.34 

11.61 

-10.94 

-32.00 

-15.42 

Aa  -  Aaa 

7.10 

-8.45 

-25.79 

-47... 1 

-32.83 

Ab  -  Abb 

4.93 

-7.09 

-17.28 

-61.70 

-30.33 
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Table  16.     (concl.)o 

EXt«tl3u  ;;rair; 
character- 
istic 

[•cent   \raCl 

: 

1 

:          5 

t        10 

:         15 

Zero  »£  brcrnato,   K     atnosphore 

Pa  -  I'aa 

0.20 

0.00 

-3.55 

-3.45 

-6.15 

Pb  -  Fbb 

0.10 

0.00 

-4.00 

-4.15 

-6.15 

i  ia  -  .-laa 
.  x"   -     pb 

-2.40 
0.95 

0.10 

1.15 

3.25 
3.00 

0.95 
4.85 

-3.50 
-2.60 

-1.05 

-0.45 

2.5C 

-3.90 

-  Tbb 

2.40 

-0.05 

2.60 

5.15 

-4.65 

5*5  "  *«■* 

-0.50 

1.55 

2.75 

1.35 

-0.60 

•  tb  "     tbb 

2.45 

-0.15 

2. GO 

0.00 

-4.20 

Aja  -  AjaB 
AVb  -  AVbb 
Aa  -  Aaa 

-1.03 

-0.07 

-31.42 

-37. OC 

-54.65 

2.10 

3.20 

-36.  2?, 

-24.64 

-54.53 

0.04 

-2.02 

-51. 4G 

-33.90 

-36.79 

Ab  -  Abb 

5.45 

-2.11 

-50.30 

-45.51 

-90.30 

3 

lag  broaato,  Nfi  alaoaphoro 

Fa  -  Pa* 

-0.70 

-0.65 

-R.90 

-7.15 

-7.20 

Pb  -  Fbb 

-0.05 

-1.00 

-4.15 

-5.90 

-7.40 

r.ia  -  rjaa 
F.rb  -  I- Tbb 
:e  -  Kai 

-0.40 
-2.50 

2.55 
3.35 

5.50 
3.05 

4.95 

4.50 

-1.00 
-2.90 

-0.35 

4.70 

4.85 

0.70 

Kb  -  fbb 

-2.25 

3.85 

•■'.v. 

6.05 

-4.50 

"  tn  -  ;  taa 
Ejfb  -  r£bb 

1.95 

1.20 

4.85 

7.65 

-1.35 

-4.35 

1.50 

4.70 

G.05 

-3.10 

Atb  -  A  Tbb 
At  -  AaB 

-6.74 

-11.01 

-3.80 

-5.53 

-14.00 
-39.62 

-44.74 

-35.26 

-52.16 
-62.65 

-12.29 

0.45 

-3G.86 

-80. 9G 

-84.86 

Ab  -  Abb 

-15.55 

-7.75 

-57,28 

-56.07 

-114.11 

50 

t§  Lroaiato,  Sg  atmoaphore 

Fa  -  I ou 

-6.45 

-6.60 

-8.15 

-10.65 

-9.85 

.  -  PWb 

-2.70 

-6.15 

-7.30 

-10.00 

-9.00 

'lC      ~     ^l** 

8.80 

5.45 

5.C5 

•v.; 

4.80 

-           Xbb 

4.60 

4.50 

3.05 

4.70 

4.75 

:  a  -  i  aa 

G.75 

4.70 

6.70 

6.30 

0.05 

!:b  - 

5.15 

4.50 

3.25 

4.40 

5.80 

i.ta  -  r  taa 
,tb  -  I^bb 

7. CO 

7.15 

8. 85 

6.30 

6.10 

G.05 

4.50 

4.05 

4.40 

5.55 

Al*  ~  AX*La 

13.50 

17.00 

1.60 

-19.97 

-24.06 

Ajb  -  Ajbb 

22.53 

19.07 

-0.20 

-17.99 

-16.70 

Aa  -  Aaa 

Ab  -  Abb 

10.26 
26.05 

2.95 
5.13 

-9.72 
-19.33 

-43.59 
-51.71 

-43.01 
-32.58 

»  cata  derived 

from  Table 

14. 
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Increased  negatively,  the  Increase  being  over  thlrtyfold. 

4.  Kffoct  of  Mixing  Atmosphere  anu  ifaCl.   Increased 
oxygen  and  increased  salt  resulted  in  P  stretch  difference 
values  becoming  more  negatively  pronounced;  £,»  K,  and  E. 
stretch  difference  values  became  more  positively  pronounced 
until  maximum  values  were  reached  with  oxygen  mixed-one  percent 
salt  dough  after  which  increased  salt  resulted  in  le33  positive- 
ly pronounced  or  oven  increased  negatively  pronounced  values. 

A^  and  A  values  from  a  nitrogen  to  an  oxygen  atmoaphere  without 
salt  became  over  thlrtyfold  -noro  negatively  pronounced  and  from 
zero  percent  salt  to  fifteen  percent  salt  with  a  nitrogen  at- 
mosphere became  fiftyfold  more  negatively  pronounced;  yet  a 
15  porcent  salt-oxygen  atmosphere  mix  gave  A,  and  A  values  less 
than  thlrtyfold  more  negatively  pronounced  than  a  aero  porcent 
salt-nitrogen  atmosphere  mix* 

5.  Effect  of  Mixing  Atmosphere  and  KBrO..   Increased 
oxygen  and  increased  bromate  combined  resulted  in  P  stretch  dif- 
ference values  becoming  more  negatively  pronounced  (-7.23)  than 
when  oxygen  (-4.25)  and  KBrO.  (-4.58)  were  used  separately.  E-i, 
E»  an'.  E|.  strotch  difference  values  became  more  positively  pro- 
nounced until  maximum  values  were  reached  with  air  mlxed-30  rag 
bromate  dough  after  which  increased  oxygen  resulted  in  slightly 
less  positively  pronounced  stretch  difference  E]_,  E»  and  B» 
values.  With  the  exceptions  of  3  mg  bromate-air  and  3  mg  bro- 
mate-nitrogen  mixes,  increased  oxygen  and  increased  bromate 
were  opposing  forces  where  Aj^  and  A  atretch  difference  values 
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wore  concerned,  Increased  oxygen  making  the  difference  moro 
negatively  pronounced  and  increased  bromate  making  the  dif- 
ference more  positively  pronounced.  Theso  opposing  forces 
nullified  each  othor  when  used  in  conjunction  with  each  other, 
as  evidenced  by  the  following  mean  A,»  A  results >  nitrogen 
atmosphere-no  bromate,  1.86}  oxygon  atmcsphore-no  bromate, 
-41.68;  nitrogen  atmosphere-30  mg  bronato,  19.60}  and  oxygen 
atmosphere-30  mg  bronato,  -2.35.  "1th  3  mg  bromate-nltrogcn 
atmosphere  thoro  was  a  striking  negative  pronouncement  which 
becomes  less  with  3  mg  broraate-air  mix,  and  which  disappeared 
with  3  mg  bromate-oxygon  mix,  Aj^,  A  stretch  difference  values. 

6.  Effect  of  KaCl  and  KDr0.j.   Increased  salt  and  increased 
bromate  combined  resulted  in  P  stretch  difference  values  be- 
coming more  negatively  pronounoed  (-9.43)  than  when  NaCl  (-6.15) 
and  KBrOj  (-4.57)  were  used  separately;  however,  this  occurred 
only  with  a  nitrogen  mixing  atmosphere}  i.e.,  in  the  absence  of 
the  variable,  oxygon.  No  overall  statement  concerning  the 
oomblned  effoct  of  salt  and  bromate  on  Ej»  E,  anC   Et  values 
could  be  made  without  Including  a  qualification  brought  about 
by  tho  mixing  atmosphere}  however,  in  a  nitrogen  atmosphere, 
the  effect  produced  by  bromate  was  stronger  than  tho  salt  ef- 
fect as  witnessed  by  the  values  produoed  by  the  combined  ef- 
fect. Although  mixing  atmosphere  greatly  influenced  A,  and  A 
stretch  difference  valuos,  when  it  was  disregarded,  oomblned 
effect  of  salt  and  bromato,  which,  singularly,  had  opposing  ef- 
fects, revealed  that  the  salt  effect  was  stronger  than  the 
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bromate  effect  aa  witnessed  by  tho  values  produced  by  the  com- 
bined effect. 

7.   Effect  of  Mixing  Atmosphere,  NaCl,  and  KBrO_.   All 

m 

second  stretch  F  values,  with  the  single  exception  of  no  salt- 
no  bronate-nltro,~en  mixed  dough,  were  larger  than  first  stretch 
F  values}  i.e.,  were  negatively  pronounced.  Althouch  singly 
the  actions  of  Increased  HaCl,  increased  KBr03,  and  inoreased 
oxygon  were  increasingly  necatively  pronounced,  in  combina- 
tion thoy  were  decreasin^ly  negatively  pronounced  for  IS  per- 
cent salt-30  mg  bromate-nlxed  in  oxygon  dough.  ¥(ith  nitrogen 
mix  the  maximum  negative  pronouncement  was  with  tha  30  mg  bro- 
mate-10  percent  salt  combination  (-10.33),  with  air  mix  it  was 
not  as  evident  (-10.10),  and  with  oxygen  mix  the  maximum  nega- 
tive pronouncements  were  with  the  3  mg  bromato-10  percent  salt 
(-8.90)  and  the  30  mg  broraate-1  percent  salt  (-8.03)  combina- 
tions while  the  oxygen  mix-30  mg  bromate-15  percent  salt  com- 
bination had  a  mean  value  of  only  -3.60. 

Although  singly  the  actions  of  increased  salt,  Inoreased 
bromate  and  increased  oxygen  produced  increasingly  positively 
pronounced  B±t   >i  and  E^  values,  the  combined  effect  was  pos- 
itively oriented  but  not  cumulative.  Tho  most  positively  pro- 
nounced Ej_,  E,  and  Et  stretch  difference  values  were  with  1 
percent  salt-3  mg  bromate-Og  atmosphere  alxe3,  while  the  most 
negatively  pronounced  values  were  with  15  percent  salt-0  mg 
bromate-t!g  atmosphere  mixes,  and  the  smallest  values  were  with 
1  percent  salt-0  mg  bromate-Kg  atmosphere  mixes  and  15  percent 
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salt-0  rag  bromate-o2  atmosphere  mixes. 

Tho  combined,  effect  of  increased  aalt,  bromate  and  oxygen 
resulted  In  atretch  difference  Ai  and  A  values  becoming  leas 
negatively  pronounced  until  minimum  valuea  were  reached  after 
which  continued  increases  in  aalt,  bromate  and  oxygen  resulted 
in  Aj_  and  A  values  becoming  more  negatively  pronounced.  The 
most  negatively  pronounced  A]_  and  A  atretch  difference  valuea 
were  with  15  percent  aalt-3  me  bromate-Ng  atmosphere  mixes, 
the  most  poaitlvely  pronounced  values  were  with  0  parcent  salt- 
50  mg  bromate-Kg  atmosphere  mixes,  and  tho  smallest  atretch 
difference  valuea  were  with  1  percent  aalt-0  mg  bromate-Ng 
atmosphere  mlxea. 

F/K  Values  and  r xynumber3 .  Tho  f/e  values  and  oxynumbera 
of  doughs  as  affected  by  potaaslum  bromate,  aodium  chloride  and 
mixing  atmo3phoro,  and  as  shown  in  Table  17,  are  categorised 
according  to  the  effect  produoed  by  the  different  variables, 
first  3ingly  and  then  in  combination. 

1.  1 f f ect  cf  HaCl.  Although  increased  salt  increased 
P/K  values,  the  extent  and  the  intensity  of  thia  increaso  was 
dependent  upon  tho  mixing  atmosphere;  in  tho  abaence  of  oxygen 
(ffg  atmosphere)  F/E  valuea  oontinued  to  increase  with  continued 
increase  in  NaCl  while  with  air  and  o2  mixing  atmospheres,  f/e 
values  increased  with  lnoreased  salt  until  maximum  f/e  values 
were  reached  after  which  f/e  values  decreased  with  continued 
increase  in  KaCl.  Oxynumbors  increased  with  increased  salt 
until  maximums  were  obtained  aftor  which  oxynumbera  decreased 
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with  continued  increase  in  salt. 

2.  Effect  >.f  KBrOg.  Although  Increased  bromate  increased 
F/E  values,  tho  extent  and  the  intensity  of  this  increase  was 
dependent  upon  tho  mixing  atmosphere.   In  the  absence  of  oxygen 
(Xg  atmosphere),  v/v.   values  continued  to  dramatically  increase 
with  continued  increa30  in  KBrOj;  e.g.,  first  duplicato-socond 
stretch  (aa)-0  lag  bromate  mix  value:  0.060,  first  duplicate- 
second  3trctch  (aa)-3  mg  broriate  mix  value:  0.140,  and  first 
duplicate-second  3tretch-30  ag  bromate  mix  value:  2.492.  Ho 
overall  statement  concerning  oxynurabors  could  be  made  without 
qualifying  tho  mixing  atmosphere  although  generally  increased 
bromate  decreased  oxynumbors. 

3.  Kffect  of  Mixing  Atmosphere.   Increased  oxygen  in  the 
mixing  atmosphere  Increased  f/e  values  and  decreased  oxynumbers. 
".ocor.d  stretch  p/e  values  were  larger  than  first  stretch  valuea 
while  second  stretoh  oxynumbors  were  smaller  than  first  stretch 
oxynumbers.  Seoond  stretch  f/e  values  were  Increased  more  by 
increased  oxygen  than  were  first  stretch  values,  while  second 
stretch  oxynumbers  were  decreased  less  than  wore  first  stretoh 
oxyriumbers . 

4.  Kffect  of  Mixing  Atmosphere  and  NaCl.  When  increased 
singly,  3alt  and  oxygen  increased  f/e  values  and  the  combined 
effect  wa3  even  greater;  e.g.,  for  first  duplicate-first 
stretch  values,  the  0  percent  ;iaCl-N2  atmoaphoro  value  was  0.057, 
the  0  percent  salt-Og  atmosphere  value  was  0.245,  tho  15  percent 
salt-Ng  atmosphere  value  was  0.2S5  and  tho  15  percent  aalt-02 
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Table  17.  f/E  veIuob  and  oxynumbers  of  doughs  as  affoctod  by 
potassium  broaate,  aodiun  chloride,  and  mixing 
atmosphere.  «■ 


Per-:  ;/'  ■':■ 

oont :  ftupllcite."  &  : 
NaCl:   a   s   b 


uer. : '  /  -  :■  :  : 

trotch  sequence  : Duplicates  ft  atroteh  sequence 


bb 


bb 


0 

1 

5 

10 

15 


0.245 
0.337 
0.566 
0.719 
0,369 


0.247 
0.401 
0.537 
0.692 
0.439 


Zero  mg  bromato,  Og  atmosphere 


0.558 
0.851 
1.119 
1.268 
0.938 


0.541 
0.824 
1.361 
1.765 
0.750 


2.18 
5.70 
3.23 
1.27 
0.66 


2.33 
2.78 
3.05 
1.28 
0.61 


1.53 
1.56 
1.78 
0.99 
0.67 


1.86 

?..:■ 
1.36 
0.70 
0.82 


Zero  me  bromato,  air  atmosphere 


0 

0.156 

0.160 

0.165 

0.162 

2.84 

2.82 

3.14 

3.18 

1 

0.141 

0.167 

0.186 

0.198 

4.92 

3.97 

3.30 

3.62 

5 

0.219 

0.269 

0.433 

0.44? 

6.12 

5.09 

4.13 

4.12 

10 

0.351 

0.399 

0.785 

0.763 

2.86 

2.58 

1.77 

1.98 

15 

0.248 

0.260 

0.684 

0.668 

1.30 

1.17 

1.35 

1.00 

Zero  ag  bromato,  Ng  atmosphere 


0 

0.057 

0.060 

0.060 

0.062 

5.23 

4.48 

3.17 

3.44 

1 

0.100 

0.099 

0.098 

0.096 

4.56 

4.78 

4.94 

5.17 

5 

0.192 

0.194 

0.356 

0.378 

5.54 

5.52 

4.43 

4.37 

10 

0.227 

0.232 

0.432 

0.480 

5.17 

5.22 

3.50 

3.47 

15 

0.235 

0.149 

0.454 

0.508 

1.67 

1.49 

2.4C 

2.47 

5  mg  tromate,  Og  atmosphere 


0 

0.216 

0.247 

0.696 

0.585 

2.85 

1 .  ■  | 

1.22 

l.EC 

1 

0.342 

0.385 

1.048 

1.084 

3.29 

3.25 

1.15 

1.15 

5 

0.613 

0.703 

1.696 

1.345 

2.44 

B.46 

0.87 

1.3C 

10 

0.635 

0.707 

1.595 

1.547 

1.26 

1.42 

0.89 

0.88 

15 

0.248 

0.346 

0.870 

0.756 

1.02 

0.79 

0.68 

0.-7 

3  mg  bromato,  air  atmosphere 


0 

0.153 

0.183 

0.253 

0.219 

3.25 

2.42 

2.77 

2.76 

1 

0.215 

0.207 

0.293 

0.309 

- 

4.24 

3.04 

3.14 

b 

0.318 

0.377 

0.659 

0.617 

4.94 

3.92 

2.64 

3.10 

10 

0.351 

0.439 

0.997 

0.994 

3.10 

2.33 

1.61 

i.r.4 

lb 

0.128 

0.236 

0.800 

0.801 

1.80 

1.26 

1.05 

1.01 
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Table 

17.      (concl.)* 

1'or-t 
cent: 
Nad: 

F/E  values 

: 

oxynumbers 

Pupllco 
a       : 

tea  «    stretch  sequence    : 
b        :       aa     :       bb      : 

Pupil  caTeTa  1 
a       :     b 

stretch 
:     aa      : 

seer  svice 
bb 

3  ag  bromate,   Rfi 

ttaMpsMM 

0 

1 

5 

10 

15 

0.106 
0.127 
0.235 
0.248 
0.156 

0.107       0.140 
0.156       0.135 
0.233       0.401 
0.254       0.666 
0.280       0.596 

0.136 
0.210 
0.445 
0.626 
0.623 

2.93        3.05 
5.13        4.46 
5.99        6.33 
4.43        5.16 
2.22        1.36 

3.10 
3.53 
4.43 
2.87 
2.00 

3.54 
3.26 
4.60 
3.07 
2.44 

30  mg  bromate*  Oo 

atmosphere 

0 

1 

5 

10 

15 

0.434 
0.586 
0.712 
0.833 
0.212 

0.603       1.C33 
0.749       1.4S5 
0.732       1.657 
0.891       1.460 
0.296       0.695 

i»1  .... 

1.508 
1.689 
1.792 
0.749 

1.07        0.89 
1.34       1.05 
1.60        1.52 
0.67       0.63 
0.50       0.28 

0.29 
0.73 
0.62 
0.50 
0.25 

0.33 
0.76 
0.61 
0.43 
0.27 

30  mc  bromate,  air  atmosphere 

0 

1 

5 

10 

15 

0.417 
0.494 
0.617 
0.54C 
0.163 

0.522       1.544 
0.557       1.645 
0.644       1.472 
0.571       1.525 
0.236       0.517 

1.890 
1.653 
1.496 
1.425 
0.711 

1.72  1.36 
2.07        1.92 
2.75        2.78 

1.73  1.63 
0.80        0.78 

0.42 
0.67 
1.32 
0.93 
0.99 

0.35 
0.69 
1.31 
1.09 
0.68 

30  mg  bromate*   Np 

atmosphere 

0 

1 

5 

10 

15 

0.722 
0.793 
0.607 
0.456 
0.239 

0.951       2.492 
0.947       1.934 
0.742       1.625 
0.660       1.697 
0.320       1.275 

2.036 
2.299 
1.475 
1.621 
1.297 

1.03       0.85 
1.26       0.93 
2.41       1.95 
1.96        1.80 
2.19        2.16 

0.23 
0.50 
0.96 
0.78 
0.75 

0.27 
0.36 
1.11 
0.94 
0.78 

*  Data  derived  from  Table  14. 
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atmosphera  value  wa3  0.369.  Maximum  values  for  all  duplicates 
and  stretches,  however,  were  obtained  from  10  percent  salt-Og 
atmosphere  mixes,  showing  that  with  15  percent  salt-Og  atmos- 
phere an  actual  excess  for  maximum  f/e  values  had  been  attained. 
For  N2  mix  values,  this  excess  was  not  actually  reached  with  15 
percent  salt  but  it  was  rapidly  beln£  approached  as  exemplified 
by  the  lessoning  amount  of  Increase  with  inorease  in  salt  of 
first  duplicate-first  stretch  ml^es:  0-1  percent  Macl,  +0.043; 
1-5  percent  salt,  +0.002}  5-10  percent  salt,  +0.035;  10-15  per- 
cent salt,  +0.008.  Regardless  of  mixing  atmosphere  and  salt  con- 
centration, 3eoond  stretch  f/e  values  were  larger  than  first 
stretch  values.  This  difference  was  greatest  (a-aas  -0.549  and 
b-bbs  -1.073)  for  10  percent  aalt-02  mixing  atmosphere  values 
and  practically  nil  (a-aaj  -0.003  and  b-bb:  -0.002)  for  0  per- 
cent salt-Sg  mixing  atmosphere. 

Singly,  Increased  salt  Increased  oxynumbers  until  maximums 
were  obtained  after  »hich  oxynumbers  decreased  with  continued 
increase  in  salt,  and  increased  oxygen  decreased  oxynumbers, 
while  with  the  combined  effect  the  largest  first  stretoh  oxy- 
numbers were  with  5  percent  salt-Ng  atmosphere  mixes,  the  larg- 
est second  stretch  oxynumbers  were  with  1  percent  salt-Ng  atmos- 
phere mixes,  and  the  smallest  oxynumbers  were  obtained  with  15 
percent  salt-Og  atmosphere  mixes,  showing  that  the  effect  of 
oxygen  was  stronger  than  the  salt  effect. 

5.   Iffect  of  Mixing  Atmosphere  and  KBrO*.   Smallest  F/e 
values  were  obtained  with  0  rag  bromate-Ng  atmosphere  mixes 
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(a,  0.057;  b,  0.060;  aa,  0.060;  bb,  0.062).   Increased  oxygen 
increased  p/t  values  as  witnessed  by  0  mg  bromate-Og  atmosphere 
mix  values:  a,  0.245;  b,  0.247;  aa,  0.558;  bb,  0.541.   Increased 
bromate  increased  p/e  values  as  shown  by  30  mg  bromate-Ng  atmos- 
phere mixes:  a,  0.722;  b,  0.^51;  aa,  2.492;  bb,  2.036.  Tho  com- 
bined effect  of  Increased  oxygon  and  bromato,  although  greater 
than  the  oxygen  effect  was  not  as  great  as  the  bromato  effect  aa 
Indicated  by  30  mg  bromato-Og  atmosphore  mi*  values:  a,  0.434; 
b,  0.608;  aa,  1.633;  bb,  1.782.  Combined  increased  bromate  and 
oxygen  caused  a  larger  increase  in  second  stretch  p/E  values 
than  In  first  stretch  p/e  values.   Increase  in  Og  did  not  appro- 
oiably  increase  differences  between  duplicates,  but  such  dif- 
ferences were  greatly  increased  with  increased  bromate.   In  the 
combined  effect,  duplicate  differences  were  somewhat  less  than 
they  were  when  bromate  alone  was  increased. 

Largest  oxynumbors  were  obtained  wL th  0  mg  bromate-N„  atmos- 
phere mixes  (a,  5.23;  b,  4.48;  aa,  3.17;  bb,  3.44).   Increased 
oxygen  decreased  oxynumbers  aa  3hown  by  0  mg  bromate-02  atmos- 
phere mix  values:  a,  2.18;  b,  2.33;  aa,  1.53;  bb,  1.86.   In- 
creased i.romate  decreased  oxynumbers  even  more  aa  shown  by  30  mg 
broraate-Hg  atmosphere  mixes:  a,  1.03;  b,  0.85;  aa,  0.23;  bb,  0.27. 
Tho  combined  effect  of  Increased  oxygen  and  bromate,  although 
greater  than  the  oxygen  effect,  was  not  as  great  aa  the  bromate 
effoct  as  witnessed  by  30  mg  bromate-Og  atmosphere  mix  values: 
a,  1.07;  b,  0.89;  aa,  0.29;  bb,  0.33.  Combined  increased  bromate 
and  oxygen  cauaed  a  larger  decrease  in  first  stretch  oxynumbers 


135 


than  in  second  stretch  oxynumber3.   Increase  in  0g»  increase  in 
bromato,  and  combined  increase  in  0„  and  bromate  all  3lightly 
decreased  differences  between  oxynumbers  of  duplicates. 

6.  IXfect  of  }!aCl  and  KBrO_.  Addition  of  salt  increased 
/  values  and  increased  oxynumbers.  Addition  of  bromato  in- 
creased f/e  values  and  decreased  oxynumbers.  Although  the  com- 
bined effect  of  added  salt  and  bromate  increased  F/e  values, 
the  increase  was  not  as  great  as  that  produced  by  the  addition 
of  either  salt  or  bromate  singly.  The  overall  effect  of  com- 
bined increased  salt  and  increased  bromate  was  one  of  oxyrjuraber 
decrease. 

7.  Effect  of  NaCl,  KBrOs  and  Mixing  Atmosphere.  The  com- 
bined effect  of  Increased  salt,  increased  bromato  and  increased 
oxygen  gave  the  following  maximum  f/e  values:  a,  0.833  (10  par- 
cent  salt-30  mg  bromate-Og  atmosphere  mix);  b,  0.891  (10  per- 
cent salt-30  mg  bromate-0„  atmosphere  mix);  aa,  2.492  (10  per- 
cent salt-30  mg  broraate-Ng  atmosphere  mix);  bb,  2.299  (1  percent 
salt-30  mg  bromate-Ng  atmosphere  mix).  The  smallest  p/e  values 
were:  a,  0.057;  b,  0.060;  aa,  0.060;  bb,  0.062  (all  being  0  per- 
cent salt-O  mg  bromate-Hg  atmosphere  mixes).  For  0_  mixes  the 
largest  p/e  values  were:  a,  0.833  (10  percent  salt-0  mg  bromate); 
b,  0.891  (10  peroent  salt-30  mg  bromate);  aa,  1.657  (5  percent 
salt-30  mg  bromate);  bb,  1.792  (10  percent  salt-30  mg  bromate). 
For  air  mixes  the  largest  p/e  values  were:  a,  0.617  (5  percent 
salt-30  mg  bromate);  b,  0.644  (5  percent  3alt-30  mg  bromato); 
aa,  1.645  (1  percent  salt-30  mg  bromate);  bb,  1.890  (0  percent 
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salt-30  ng  bromate).  For  N„  mlx«s  the  largest  f/e  values  werei 
a,  0.793  (1  percent  salt-30  mg  bromate);  b,  0.951  (0  percent 
salt-30  me.  bromate) J  aa,  2.492  (0  percent  salt-30  mg  bromate); 
bb,  2.299  (1  percent  salt-30  me  bromate).  Thus,  regardless  of 
the  mixing  atmosphere,  maximum  f/e  values  were  obtained  with  the 
sar.o  concentration  (30  mg)  of  bromate,  while  the  optimum  (to  give 
maximum  f/e  values)  concentration  of  salt  increased  with  in- 
creased Oo  in  the  mixing  atmosphere.  Regardless  of  the  mixing 
atmosphere  f/e  values  were  smallest  for  0  percent  salt-0  mg  bro- 
mato mixos  with  the  exceptions  of  first  strotch-Oo  atmosphere 
mix  values,  where  0  percent  salt-0  mg  bromate-flrst  stretch- 
first  duplicate  (a)  F/E  value  was  0.245,  whore  0  percent  salt- 
3  mg  bromate-first  stretch-flrat  duplicate  (a)  f/e  value  waa 
0.216,  where  15  percent  »alt-30  mg  bromate-first  stretch-first 
duplicate  (a)  f/e  value  was  0.212  and  where  0  percent  salt-0 
mg  bromate  and  0  percent  salt-3  mg  bromate-first  streteh- 
•eoond  duplicate  (b)  f/E  values  were  0.247. 

The  combined  effect,  of  lne; -eased  salt,  increased  bromate 
and  increased  oxygen  gave  the  following  maximum  oxynumbers:  a, 
6.12  (  5  percent  salt-0  mg  bromate-air  atmosphere  mix);  b, 
6.33  (5  percent  salt-3  rag  bromate-air  atmosphoro  mix);  aa,  4.94 
(1  percent  salt-0  mg  bromate-Ng  atmosphere  mix);  b  ,  5.17  (1 
porcent  aalt-0  mt  bronate-"g  atmosphere  mix).  Minimum  oxy- 
numbers r/ere:  a,  0.50  (15  percent  salt-30  mg  bromate-Og  atmos- 
phere mix);  b,  0.28  (15  percent  salt-30  mg  bromate-Og  atmos- 
phere mix);  aa,  0.23  (0  porcent  salt-30  mg  bromato-Ng  atmos- 
phere mix);  bb,  0.27  (0  percent  salt-30  mg  bromate-Ng  atmos- 
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phere  mix).  For  0g  mixes  maximum  oxynumbers  were:  a,  3.70  (1 
percent  salt-0  mg  bromate;  b,  3.25  (1  percent  salt-3  mg  bromate); 
aa.  1.78  (5  percent  salt-0  me  bromate);  bb,  1.98  (1  percent  salt- 
0  mg  bromate).  For  air  mixes  maximum  oxynumbers  wore:  a,  6.12 
(5  percent  salt-0  mg  bromate)}  b,  5.00  (5  percent  aalt-O  m;  bro- 
mate); aa,  4.13  (5  percent  salt-0  mg  bromate);  bbt  4.12  (5  per- 
cent 3alt-0  mg  bromate).  for  Kg  mixes  maximum  oxynumbers  were: 

a,  5.99  (5  percent  salt-3  mg  bromate);  b,  6.33  (5  percent  salt- 
3  ■  bromate);  aa,  4.94  (1  percent  salt-0  nig  bromate);  bb,  5.17 
(1  percent  salt-0  m_  bromate).  Smallest  oxynumbers  for  Oo  mixes 
were:  a,  0.50  (15  percent  salt-30  mg  bromate);  b,  0.28  (15  per- 
cent aalt-30  mg  bromate);  aa,  0.25  (15  percent  salt-30  mg  bro- 
mate); bb,  0.27  (15  percent  salt-30  mg  bromate).  For  air  mixes 
minimum  oxynumbers  were:  a,  0.80  (15  percent  salt-30  mg  bromate); 

b,  0.78  (15  percent  salt-30  mg  bromate);  aa,  0.89  (15  percent 
•alt-30  mg  bromate);  bb,  0.68  (15  percent  aalt-30  mg  bromate). 
For  N2  mixes  minimum  oxynumbers  were:  a,  1.03  (0  percent  salt- 
30  mg  bromate);  b,  0.85  (0  percent  salt-30  mg  bromate);  aa,  0.23 
(0  percent  salt-30  mg  bromate);  bb,  0.27  (0  percent  salt-30  mg 
bromate).  Thus,  regardless  of  the  mixing  atmosphere,  minimum 
oxynumbers  were  obtained  with  the  same  concentration  (30  mg)  of 
bromate,  while  In  order  to  maintain  minimum  oxynumbers  with  in- 
creased oxygen,  salt  also  increased.  For  0  percent  salt-0  mg 
bromate  mixes  the  following  oxynumbers  nere  obtained:  0„  atmos- 
phere mixes,  (a)  2.18,  (b)  2.33,  (aa)  1.53,  (bb)  1.86;  air  at- 
mosphere mixes,  (a)  2.84,  (b)  2.82,  (aa)  3.14,  (bb)  3.18;  N_ 
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atmosphere  mixes,  (a)  5.23,  (b)  4.46,  (aa)  3.17,  (bb)  3.44.  Da 
comparing  these  control  oxynumbers  with  maximum  and  minimum 
values,  It  will  be  seen  that  the  combined  effect  of  Increased 
salt,  bromate  and  oxygen  is  one  of  oxynumber  increase  until 
maximums  are  readied  after  which  continued  increase  in  salt, 
bromate  and  oxygen  decrease  oxynumbers. 

Ball-milled  'lour  Study 

In  addition  to  studying  the  effects  of  ball-milling  on 
arino^rams  ariii  extensograms  the  results  of  which  are  shown  In 
Table  18,  the  effects  on  moisture,  Zeleny  sedimentation,  and 
Zelony  protein  were  also  determined. 

Moisture  content  did  not  ohange  during  ball-milling;  du- 
plicate determinations  at  zero  hours  being  12.67  and  12.67  per- 
cent, with  24  hours  ball-milling  12.67  and  12.70,  and  with  48  hours 
of  ball-milling  12.66  and  12.68  percent. 

Zeleny  sedimentation  of  the  flour  before  ball-milling  for 
duplicate  determinations  was  32.7  aad  32.9.  :1th  24  hours  of 
ball-milling  there  were  two  distinct  demarcations  in  the  fall- 
ing flour  sediment.  One  of  these  was  heavy,  resembling  the 
heavy  layer  of  the  Initial  determination.  The  othor  layer  was 
lighter,  resembling  a  ataroh  sedimentation,  bvt  was  oloudler 
than  the  clear  layer  above  it.  Duplicates  for  the  heavy  layer 
wero  at  33,  and  those  for  the  lighter  layer  were  at  67.  Further 
ball-milling  did  not  change  these  values  for  after  48  hours  of 
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ball-milling  duplicates  for  the  heavy  layer  were  still  at  33 
and  for  the  lighter  layer  still  at  67. 

Ball-milling  had  no  effect  upon  Zeleny  photometric  protein. 
Duplicate  determinations  with  no  ball-milllnr  were  61.5  ana  63.8, 
with  24  hours  61.7  and  62.8,  and  with  48  hours  of  ball-milling 
61.5  and  63.1 

Farinograra  heights,  widths,  and  H/V  values  increased  with 
increased  ball-milling. 

for  the  sake  of  easier  comprehension,  changes  in  extenso- 
gram  values  are  described  according  to  the  changes  effected  In 
the  various  characteristics  of  the  carves.  The  complete  data 
are  recorded  in  Table  18. 

Effect  on  Force  (J'l   Values.  All  force  values  increased  with 
ball  milling,  i.econd  duplicate  values  were  larger  than  first 
duplicate  values  with  the  exception  of  the  second  atretch,  non- 
milled  values.  Second  stretch  values  were  larger  than  first 
stretch  values.  The  differences  between  stretches  were  much 
larger  than  the  differences  between  duplicates. 

Effect  on  Bounded-by-the-curvo  Extensibility  (K)  Values. 
All  E  values  decreased  with  increased  ball  milling.  Ea  and  Eaa 
values  were  larger  than  Eb  and  Ebb  values  except  for  24  hour 
ball  milled  mix.  Focond  stretch  were  larger  than  first  stretch 
values,  and  the  differences  between  stretches  ware  much  larger 
than  the  differences  between  duplicates. 

Effeot  on  Extenslbllity-to-ti.o-left-of-thi  -maximum-height 
(Ei)  Values.  All  E±   values  decreased  with  Increased  ball  milling. 
First  duplicate  first  atretch  values  were  larger  than  second 
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13.     Lffect  cr  ball-millinc'  on  farlnopram  and  extenso- 
rv.-n.  values     f  flour*  -  2  percent  raCl  syat 
mixed  in  oxygen. 

Curvo 

charccteris- 

tics 

Ball  billed 

0  hours 

» 

24  hours 

: 

4B  hours 

Farlnc.  :■ 

value 

s 

H 

1 

575 

1.75 

329 

665 

1.80 

369 

1000 

3.00 

333 

ixtonsoGraai 

values 

Pa 

Pb 

Faa 
Fbb 

4.50 
4.90 
9.30 
8.80 

5.60 

5.00 

10.65 

11.20 

12.80 
15.35 
17.60 
17.70 

eH> 

ETaa 
Epb 

13.90 

13.60 

9.55 

12.80 

12.25 
0.55 
8.60 

6.0C 
5.05 
4.95 
4.55 

EnB 

5s 

■  ■ 

Egbb 

3.70 
3.40 
3.10 
2.25 

3.35 
4.35 
3.40 
3.55 

2.05 
2.10 
1.10 
2.15 

E* 
Eb 

Eaa 
Ebb 

17.65 
17.00 
12.65 
12.20 

16.15 
16.60 
11.95 
12.15 

8.05 
7.15 
6.05 
5.70 

Eta 
E^b 
l£au 
E^bb 

18.20 
17.85 
12.90 
12.20 

16.60 
17.35 
11.95 
12.15 

8.05 
7.15 
6.05 
5.70 

Aa 
Ab 
Aaa 
AM 

61.12 

02. 7U 
82.88 
74.24 

70.34 
77.06 
92.16 

100.46 

75.84 
79.36 
68.35 
64.45 

• 

E,a  - 
Ep  - 
E-jaa 
Ejbb 

2a 

-  I^bb 

10.20 

10.20 

6.45 

7.70 

... 

3.90 
5.15 
5.05 

3.95 
2.95 
3.85 
2.40 

*  The  flour 
scaled 

used 

sans 

In  this 
at  80°F.) 

study 
that 

was   "A"  flour 
had  been  store 

(flour  stored  in 
d  54  days. 
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duplicate  first  stretch  values,  while  second  duplicate  second 
stretch  values  were  larger  than  second  duplicate  first  stretch 
values  with  the  exception  of  the  48  hour  ball  milled  mix.  The 
differences  between  stretches  were  much  larger  than  the  differ- 
ences between  duplicates* 

rffect  on  fcxtenslblllty-to-the-rl^ht-of-the-maxlmuni-helnht 
(E2)  Values.  All  first  strotch  Eq   values  decreased  with  in- 
creased ball  nillinc,  but  second  stretch  Eg  values  increased 
with  ball  milling  up  to  24  hours  and  then  deor eased  with  48 
hours  ball  milling  to  lower  values  than  with  no  ball  milling. 
With  no  ball  milling,  first  duplicates  were  larger  than  second 
dupllcato  values,  but  with  24  and  48  hours  of  ball  milling 
second  duplicates  were  larger  than  first  duplicate  values.  First 
stretch  values  were  larger  than  second  stretch  values.  The  dif- 
ferences between  stretches  were  in  the  aaae  magnitude  as  the 
differences  between  duplicates. 

Effect  on  Total  Extensibility  (K^)  Values.  All  Et  values 
docreased  with  increased  ball  milling.  All  first  duplicates 
were  largor  than  second  duplicate  values  with  the  exception  of 
tho  values  whose  doughs  had  24  hours  ball  milling.  All  first 
strotches  were  larger  than  second  stretch  valuos.  The  differ- 
ences between  stretches  were  much  larger  than  the  differences 
between  duplicates. 

Effect  on  Area-under-the-curvo  (A)  Values.   All  first 
stretch  A  values  increased  with  increased  ball  milling.  Second 
stretch  a  values  increased  with  24  hours  of  ball  milling,  but 
then  docreased  with  48  hours,  having  values  significantly  lower 
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than  with  no  ball  Milling.  Second  duplicate  first  stretch  values 
were  highor  than  first  duplicate  first  stretch  values.   :.econd 
duplicate  second  stretch  values  were  lower  than  second  duplicate 
first  stretch  values  with  the  exception  of  the  values  for  24 
hours  of  ball  milling.  Second  stretches  were  larger  than  first 
stretch  values  with  the  exception  of  the  48  hours  ball  milled 
mix.  The  differences  between  strotohes  were  muoh  larger  than 
the  differences  between  duplicates. 

Effect  on  ftalative  Position  of  loint  of  Maximum  Curve 
Height.   Although  the  extent  and  severity  of  ball  milling  in 
this  study  had  not  been  quite  enough  to  effect  extensogram 
curve  height  reversals,  48  hours  of  ball  milling  effected  near 
reversals. 

Ej-Eg  second  duplicates  were  larger  than  Ej_-Eg  first  du- 
plicates with  no  ball  milling,  but  with  ball  milling  Ej-Eg 
first  duplicates  were  larger  than  E,-Eg  second  duplicates  and 
this  difference  increased  with  increased  ball  milling. 

Ej_-Eg  first  stretch  values  were  larger  than  Ej-Eg  second 
stretch  values,  but  this  difference  decreased  rapidly  with  ln- 
croaaeJ  ball-milling. 


Comparison  Study  Between  Parinograph  and 
Hobart-3wan3on  Mixers 


The  purposes  of  this  study  were  to  find  whether  the  Hobart 
Swanson  mixer  cave  extensograms  which  expressed  ohanges  due  to 
different  flour  treatment  and  whether  these  differences  were 


143 


similar  to  those  produced  by  farinc^raph  mixing. 

Change  a  In  ExtonsoKraas  of  Doughs  Klxed  wl  th  the  Hobart- 
Swanson  lilxar.  Doughs  with  and  without  2  percent  NaCl  were 
made  from  flour  having  different  storage,  storage  temperature 
and  storage  atmosphere • 

1.  Effect  of  Storage.  It  was  found  that  doughs  both  with 
and  without  2  percent  KaCl  revealed  the  effect  of  storage 
through  their  extensograms,  as  recorded  In  Table  19.  V.ith  both 
0  percent  and  2  psrcent  salt  mixes,  F  and  A  values  tended  to 
Increase  with  storage  while  E  and  E^a  values  tended  tc  docrease 
with  storage.  Et  values  other  than  Efca  tended  to  increase  with 
storage.  1'irst  stretch  F  and  A  values  were  larger  than  second 
stretch  f   and  A  values >  while  for  E  and  E*  values  this  trend 
was  only  very  faintly  apparent.  Second  duplicate  F»  1  »  E*  and 
A  values  tended  to  be  larger  than  first  duplicate  values  and 
this  trend  was  slightly  more  apparent  for  2  percent  salt  dough 
mixes  than  for  0  porcont  NaCl  dough  mixes.  All  2  percent  NaCl 
dough  extensograph  values  were  larger  than  the  respective  0 
percent  »alt  dough  values. 

2.  }ft'ect  of  Storage  Temperature.  Doughs  mixed  In  the 
Hobart-swanson  mixer  revealed  the  effect  of  storage  temperature 
through  their  extensograms  as  recorded  in  Tablo  20.   "A"  flour 
(stored  at  80°P)  F  and  A  values  were  larger  than  the  respective 
"B"  flour  (stored  at  55°P)  values  for  both  no  salt  and  2  percent 
salt  doughs,  vhilo  for  E  and  E^  values  "B"  flour  values  were 
larger  than  those  of  "a"  flour  for  both  no  salt  and  2  percent 
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Table  19 <      ot  of  ,-jtorano  on  extenau 

and  without  2  percent  Nacl»  ml*ed 
rwanaon  nl?r    . 

of  doughs,  with 
..obart- 

RrtcrJoo-  s 

0  percent  tfacl 

2 

poree.; 

t  'aci 

-aotsr-i    Storago  tin»  (da 
Jatic   i  68  i  87  i  899 

:  333 

:  69 

:   90  :  299 

) 

:  333 

Pa         0.85 
Pb          0.90 
paa        0.75 
Fbb 

1.05 
1.20 
0*80 

O.oo 

2.05 
2.00 
1.35 

- 

2.15 
2.05 
1.45 
1.40 

2.30 
2.45 
2.20 
1.85 

2.45 

P. 00 

i.  P 

2.05 

3.35 

■ 
•*t  0 

3.00 

3.50 
C.70 
3.00 
3.15 

Ea         17.80 
; b         17.30 
Kaa       17.10 
!.bb        17.35 

13. 1C 
16.40 

Lfi.es 

I7.ec 

16.95 
16.05 

■ 
17.1? 

15,75 
16. 6C 

17.15 

20.90 
21.95 
.  - 
20.95 

21.20 
21.25 
19*18 
22.45 

20.70 
19.40 

20.80 

20.68 
19.15 
19*48 
20.15 

E*a       10.25 
Zb        13.30 

1  .-.«.. 
Ftbb 

ig.go 

17.05 
1G.S5 

. 

10.00 
1^.85 
19.95 
21.  40 

17.90 
19.95 

20.50 

. 

22.35 

18*41 

21.10 

23.45 

23.30 
B1.4o 
82.15 

20.75 

24.40 
22.25 

- 

20.66 
C.S5 
22.80 
2:,. 20 

Aa        I-.. 

Ab         15. C7 
Aaa        11. 06 
Abb        13.78 

Le.M 

1  .41 

11.?'- 
14.40 

20.21 

20.76 
21.46 

34.24 
29.76 

28.20 
22.40 

40.64 
43.71 
37. OG 
32.58 

41*88 

41.92 

30.00 
37.10 

55.  4G 
49.37 

. 
50.12 

59.50 
59.20 
49*80 
52.99 

*  Tha  flour  uaed  In  this  study  v. as  "A" 
32.9  percent  and  the  mixing  tlna 
Tha  high  mixing  speed  was  uaed. 

flour.  The  absorption  was 
was  1  minute  and  5  seconds. 

salt  doughs  with 

tha  exceptions 

aec^nd  stretch-no 

salt-" 

A" 

1  "B"  flour  valaea  where 

opposite  was  true.  All  2 

cent  salt  exte.4:: 

graph  values  wave  larger  t'-* 

a  the  respective 

no  salt  values. 
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Table  20.   effect  of  storage  temperature  on   extensograrna  of 

doughs,  with  and  without  2  percent  salt,  nixed  In 
Xlobart-Swanson  mixer." 


1  i:to.-  :i-  -  !•-    ' 

Flour 

characterls-: 

"A" 

• 

"B" 

tie     : 

No  salt 

!  2  percent 

salt  i  !Io  aalt 

«  2  percent  salt 

Pa 

2 

.15 

3. 

.50 

1. 

.40 

2. 

,75 

Fb 

2, 

.05 

3, 

.70 

1. 

.25 

2, 

,60 

Faa 

1. 

.45 

3. 

.00 

0. 

.CO 

2. 

.20 

Fbb 

1, 

.40 

3. 

.15 

0. 

.60 

2. 

,00 

Ea 

17. 

.90 

20. 

.65 

17, 

.65 

21. 

.50 

Eb 

15. 

.75 

19. 

.15 

18. 

.30 

22. 

.50 

Eaa 

16. 

.50 

19. 

.45 

17. 

.00 

21. 

.45 

Ebb 

17. 

.15 

20. 

.15 

14. 

.50 

20. 

,25 

E*a 
EH> 
Eiaa 
Etbb 

17 

.90 

20. 

.65 

20. 

,75 

25. 

,15 

19 

.95 

25. 

,85 

20. 

.50 

25. 

,65 

20 

.50 

22. 

.20 

IB. 

.45 

26. 

.95 

22. 

.05 

25. 

,20 

15 

,80 

25, 

.20 

Aa 

34 

.24 

59. 

.58 

23. 

,65 

51, 

,40 

Ab 

29 

.76 

59. 

.20 

21 

.18 

49, 

.08 

lap 

22. 

.20 

49. 

.60 

13. 

.38 

39, 

.42 

Abb 

22. 

.40 

52. 

.99 

9. 

.09 

33. 

.60 

The  flours  used  in  this  study  were  "A"  flour,  stored  333  days, 
and  "B"  flour,  stored  330  days.  The  absorption  was  62.9 
percent  and  the  mixing  time  was  1  minute  and  5  seconds. 
The  high  mixing  speed  was  used. 


3.  Effect  of  Storage  Atmospheres  Doughs  mixed  in  the 
Hobart-Swanson  mlxor  revealed  the  effect  of  storage  atmosphere 
through  their  extensograras  as  recorded  in  Table  21.  With  0 
peroent  suit,  "Op"  flour  F  and  A  values  tended  to  be  larger 
than  "Ng"  flour  ¥   arid  A  values  while  "Ng"  flour  E  and  E^  values 
tended  to  be  larger  than  "Og"  flour  I  and  E^  values.  Kith  2 
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percent  salt,  first  stretch  *Ofl"  flour  ?  and  A  values  were 
larger  than  first  stretch  "Na"  flour  F  and  A  values ,  while  the 
opposite  was  true  for  second  stretch  values.  Y.'ith  2  percent 
salt,  all  n02n  flour  E  values  were  larger  than  "tTg"  flou: 
values  a:-  all  "!r8"  flour  Et  values  were  larger  than  "Og"  flour 
b  values  with  the  exception  of  Efcaa  values  where  the  opposite 
was  true,  r.alt  increased  E  and  A  values  of  "Og"  flour  more  than 
It  did  E  and  A  values  cf  "tig"  flour  while  no  distinction  in   this 
regard  could  bo  made  with  F  and  Et  values.  All  first  stretch  F 
and  E  values  were  larger  than  second  3trotch  F  and  E  values. 
All  H„  flour  first  stretch  F  and  Ej.  values  with  the  exceptions 
of  no  salt  E  values  were  larger  than  second  stretch  I  end  E^ 
values.  For  O2  flour-2  percent  salt  mixes,  first  stretch  E 
values  were  larger  than  second  stretch  E  values,  while  tor   E^ 
values  the  opposite  was  true,  'or  0E  flour-0  percent  salt  no 
trend  was  evident.  All  2  percent  NaCl  dough  extensograph  values 
were  larger  than  the  respective  0  percent  nalt  dough  values. 

Comparison  of  Extonaegrams  of  Doughs  Mixed  with  the  I'arln- 
onraph  m   {-,:.!'  •iobart-::wanSwr.  r.lxer.  Doughs  with  2  percent  KaCl 
were  made  from  flour  having  different  storage  time,  temperature 
and  atmosphere. 

1.  Effoot  of  Storage.  The  effect  of  storage  time  on  ex- 
tenaogram  characteristics  of  doughs  mixed  In  the  farinograph  and 
the  Hobart-swanson  mixer  is  recorded  in  Table  22.  Generally  F 
and  A  values  increased  and  I  and  Lt  values  decreased  with  flour 
storage  time  for  both  Hobart-Ewanson  mixer  and  farinograph  mixed 
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Table  21.  Jl'fect  of  storage  atmosphere  on  extensograms  of 
•      doughs,  with  and  without  2  percent  aalt,  mixed  in 
Hobart-Swanson  mixer. «■ 


Lxtenso/ram   : 

Flour 

characterise 

B02 

n 

s 

"12" 

tic           : 

:.'o   salt 

:  2 

percent 

salt   :   No  aalt 

:    2  percent   salt 

Pa 

ua 

2.45 

0»M 

2.50 

Pb 

1.05 

2.55 

1.05 

2.50 

Faa 

0.85 

2.15 

0.70 

2.25 

Pbb 

0.85 

2.15 

0.00 

2.00 

Ea 

16.25 

23.90 

16.75 

23.40 

Eb 

16.25 

23.55 

15.20 

23.45 

Eaa 

16.20 

23.15 

17.00 

22.05 

rbb 

16.40 

22,45 

17.70 

21.80 

A* 

17.75 

23.90 

19.90 

26.15 

ijh 

19.60 

23.55 

21.75 

27.10 

Lt** 

10.00 

27.90 

13.95 

24.75 

17.80 

26.60 

17.70 

20.  30 

Aa 

20.28 

49.21 

10.51 

50.18 

Ab 

17.34 

50.43 

13.00 

49.73 

Aao 

13.  IS 

42.37 

11.58 

44.67 

Abb 

13.76 

41.47 

14.34 

37.50 

*  The  flours  uaed  in  this  study  were  "Og"  flour,  stored  237 
days,  and  "Kg"  flour,  stored  236  days.  The  absorption 
was  52.9  percent  and  tho  mixing  time  was  1  minute  and 
5  seconds.  The  high  Mixing  speed  was  used. 


doughs.  F  and  A  values  Increased  more  with  stcraee  for  Hobart- 
Swanson  mixed  doughs  than  for  farinograph  mixed  doughs.  For  F 
values,  first  duplicate  farinogz'aph  mixed  doughs  decreased  more 
than  Hobart-Swanson  mixed  dough3,  while  for  second  duplicate 
doughs  the  opposite  was  true.   No  distinction  between  Bt  value 
Hobart-Swanson  and  farinograph  mixed  doughs  could  be  made. 
First  stretch  Hobart-Swanson  mixed  dough  F  and  A  values  were 
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Tabic  22. 

Extensogram  characteriatlcs^of  "A" 

flour  doughs 

mixed 

with  t 

ha  faplnograph  and  w 
rw  reflecting  changes 

Ltb  the 

Hobart 

Swanson  mixe 

due  to 

storage 

time. 

lixtbriso'- 

1 

Storage  ti;r.s 

in  dsya  a-d  mixer*  used 

gram 
oharaotei 

i_ 

-:  69 

76 

90 

101   j  299 

300 

333 

332 

iatics 

:  E-3  : 

Far. 

:  H-s 

!  Tar.  s  K-3  : 

'. 

: 

:  ?ar. 

Fa 

2.30 

3.65 

2.45 

3.90   3.35 

5.00 

3.50 

4.16 

Fb 

2.45 

3.60 

2.50 

3.70   3.45 

4.98 

3.70 

4.08 

Ma 

2.20 

4.43 

1.90 

:. IS   2.00 

6.75 

3.00 

5.50 

Fbb 

1.85 

4.63 

2.05 

4.88   3.00 

6.55 

3.15 

5.45 

Ea 

20.90 

19.55 

21.20 

19.40  20.70 

18.80 

20.65 

18.85 

Eb 

21.95 

19.25 

21.25 

18.88  19.40 

19.00 

19.15 

18.33 

Eaa 

20.60 

18.28 

19.15 

18.38  19.40 

18.68 

19.45 

18.45 

Ebb 

20.90 

18.85 

22.45 

19.08  20.80 

18.45 

20.15 

10.60 

22.55 

19.75 

23.50 

19.80  20.75 

19.03 

20.  CC 

19.40 

23.40 

19.53 

21.45 

19.33  24.40 

19.58 

25.85 

10.45 

!.taa 

E^bb 

21.10 

18.55 

Be.u 

19.30  2:  . 

13.75 

22.20 

19.08 

23.45 

19.38 

23.95 

19.10  25.05 

18.65 

25.20 

19.08 

Aa 

40.66 

55.49 

41.28 

58.72  55.43 

71.39 

59.53 

59.74 

Ab 

43.81 

53.87 

41.92 

56.54  49.37 

CC  .62 

59. 2C 

57.34 

Aaa 

37.06 

63.30 

30.08 

61.76  48.50 

95.52 

49.60 

78.18 

Abb 

32.58 

70.  OS 

37.19 

66.24  50.12 

08.45 

52.99 

78.82 

1  Doughs 

mixed  in 

air  and  with 

2  percent 

. 

p 

Data  derived  from  Tables  B»  C 

,   and  E  in  Appendix. 

Data  derived  from  Table  19. 

4 

Hobart- 

Swanaon 

»  H-S{ 

Farlno 

■raph  =  Par. 
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larger  than  second  stretch  values  while  for  farinograph  mixes 
the  opposite  was  true,  second  stretch  F  and  A  values  being 
larger  than  first  stretch  values.  Generally  first  stretch  E 
and  E,.  values  of  both  Hobart-Swanson  and  farinograph  mixed 
doughs  were  larger  than  second  stretch  values.  For  Hobart- 
swanaon  mixed  doughs,  seoond  duplicate  F,  E,  E*  and  A  values 
tended  to  be  larger  than  first  duplloate  values.  No  distinc- 
tion between  farinograph  mixes  could  be  made. 

2.  Effeot  of  storage  Temperature.  F  and  A  values  of  "A" 
and  "B"  flour,  as  recorded  in  Table  83,  were  larger  for  farin- 
ograph mixes  than  thoy  were  for  respective  Hobart-Swanson 
mixes,  while  |  and  Efc  values  of  "a"  and  "B"  flour  were  smaller 
.for  farlnot;raph  mixes  than  thoy  were  for  respective  Hobart- 
Swanson  mixes.  "A"  flour  F  and  A  values  of  both  farinograph 
and  Hobart-iwanson  mixes  were  larger  than  respective  "B"  flour 
P  and  A  values,   "a"  flour  E  and  Et  values  of  both  farinograph 
and  Hobart-Swanson  mixes  were  smaller  than  respective  "B" 
flour  E  and  Et  values.  Seoond  stretch  F  and  a  values  for  far- 
inograph mixes  were  larger  than  first  stretch  F  and  A  values, 
while  for  Hobart-Swanson  mixes  the  opposite  was  true,  first 
atretoh  F  and  A  values  being  larger  than  second  stretch  values. 
For  "A"  flour  E  and  Et  values  of  both  farinograph  and  Hobart- 
Swanson  mixes  no  distinction  between  mixes  could  be  made,  while 
for  "B"  flour  the  tendency  of  both  farinograph  and  Hobart- 
Swanson  mixes  was  for  first  stretch  E  and  Et  values  to  be 
larger  than  seoond  stretch  E  and  Et  values. 
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Table  23.  Comparison  of  extensograais  of  doughs  mixed  with  the 
farinograph2  and  with  the  Eobart-Swanson  mlxer^  re- 
flecting chances  due  to  storage  temperaturo  and 
storage  atmosphere* 


Extenso- 

"A" 

T^lovir 
"B"     :     "02"   . 

"N2" 

gram 
character- 

Far. :   H-S  1 

Mixer 
Far.  j  H-S  :  Tar.  s  H-S  : 

Far.  :  H-s 

istics 

532    333  : 

Storago,  days 
331    330  :   235    237  : 

234    236 

Fa 
Fb 
I  u 
Fbb 


4.18 
4.08 
5.50 
5.45 


3.50 
3.70 
3.00 
3.15 


3.20  2.75 

3.40  2.60 

4. 70  2.20 

4.43  2.00 


3.45 
3.43 
4.33 
4.15 


2.45 
2.55 
2.15 
2.15 


3.50  2.50 

3.45  2.50 

4.55  2.25 

4.25  2.00 


>-a 
Eb 

:av. 
Ebb 


18.85 
18.33 
18.45 
18.60 


20.65 
10.15 
19.45 
20.15 


19.80 
19.60 
19.50 
20.05 


21.50 
22.50 
21.45 
20.25 


20.83 
20.38 
19.03 
19.73 


23.90 
23.55 
23.15 
22.45 


20.58 
20.00 
19.68 
18.83 


23.40 
23.45 
22.05 
21.80 


Etb 

Ejibb 

Aa 
Ab 
(Uu 

Abb 


19.40 
18.45 
10.08 
19.08 

59.74 
57.34 
78.18 
78.82 


20. G5 
25.05 
22.20 
25.20 

59.58 
69.20 
49.60 
52.99 


20.18 
20.50 
19.70 
20.68 

52.00 
52.-30 
72.99 
66.88 


25.15 
25.66 
26.95 
20.20 

51.40 
49.00 
39.42 
33.60 


20.98 
20.73 
20.20 
20.10 

54.27 

55.71 
64.61 
67.24 


23.90 
23.55 
27.90 
26.60 

49.21 
50.43 
42.37 
41.47 


20.70 
20.28 
20.00 
19.55 

57.18 
55.81 
69.15 
62.85 


26.15 
27.10 
24.75 
26.80 

50.18 
49.73 
44.67 
37.50 


Doughs  mixed  in  air  and  with  2  percent  NaCl. 

2  Data  derived  from  Tables  B,  C»  and  E  in  Appendix. 
3 


Data  derived  from  Tables  20  and  21. 
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3.  Effect  of  storage  atmosphere.  F  and  A  values,  as 
recorded  In  Table  23,  of  "Og"  and  "Ngn  flour  were  larger  for 
farlnograph  mixes  than  they  ware  for  respective  Hobart-Swanson 
mixes,  while  E  and  Et  values  of  "0gH  and  "H„"  flour  were 
smaller  for  farinogrnph  mixes  than  they  were  for  respective 
Hobart-swanson  mixes*  Generally  "Ngn  flour  F  and  A  values  of 
both  farlnograph  and  Hobart-swanson  mixes  wore  larger  than 
respective  "02"  flour  F  and  A  values.  Generally  "Ngn  flour  E 
and  Efc  values  of  both  farlnograph  and  Hobart-Swanson  mixes 
were  smaller  than  respective  "0gn  flour  E  and  E^  values. 
Second  stretch  F  and  A  values  for  farlnograph  mixes  were  larger 
than  first  stretch  F  and  A  values,  while  for  Hobart-swanson 
mixes  the  opposite  was  true,  first  stretch  F  and  A  values  being 
larger  than  second  stretch  values.   First  stretch  E  and  E* 
values,  with  the  exceptions  of  Hobart-Swanson  mixed  E*  values, 
were  larger  than  second  stretch  ;  and  aV  values  for  Loth 
farlnograph  and  Hobart-Swanson  mixes. 

"A"  Flour-HydVochloric  Acid  Study 

For  the  sake  of  easier  comprehension,  changes  in  extenso- 
gram  values  due  to  treatment  of  doughs  with  hydrochloric  acid 
are  described  according  to  the  changes  effected  in  tha  varloua 
characteristics  of  the  curves.  The  complete  data  are  recorded 
in  Table  24. 

Effect  on  Force  Values.   All  force  values  increased  with 
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Increasing  normality  of  the  HCl  In  the  dough  until  a  maximum  P 
value  was  reached;  Increased  normality  thon  caused  decreased 
curve  heights.  With  first  stretch  r  values,  the  maximum  height 
was  reached  with  0.250  K  HCl  whila  with  second  stretch  values, 
the  maximum  height  was  reached  with  0.125  N  HCl. 

Fb  values  were  always  larger  than  Fa  values  except  for 
0.150  N  HCl  mix,  while  no  distinction  in  this  respect  between 
second  stretch  duplicates  could  be  made. 

Faa  values  were  larger  than  la  values  oxcept  for  doughs 
having  aero,  0.300,  0.400,  0.4C0,  and  0.500  H  HCl.  Fbb  values 
were  larger  than  Fb  values  for  0.125,  0.150,  and  0.200  I  HCl 
mixes  only. 

Effect  on  Bounued-by-tho-curvo  I  xtenslblllty  (E)  values. 
All  I  values  decreased  with  increased  normality  of  the  HCl  in 
the  dough  until  an  optimum  normality  was  reached;  relative 
plateaus  then  ensued  with  further  increase  in  normality.  For 
all  E  values  these  plateaus  were  readied  with  0.200  N  add. 
Upon  closer  examination  theso  plateaus  trended  downward  slight- 
ly with  increased  normality  of  the  acid. 

Ho  distinction  concerning  the  differences  between  duplicate 
doughs  could  be  made. 

Kaa  values  were  largor  than  Ea  values  except  for  Aov 
having  sero,  0.050,  0.450,  and  0.600  N  HCl-  Ebb  values  were 
larger  than  Eb  values  except  for  0.125,  0.200,  0.250,  and  0.400 
N  HCl  mixes. 

Effect  on  Extenslblllty-to-the-loft-of-tho-maxlmum-helEht 
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(Ei)  Valuos.  E.  values  decreased  with  Increased  acid  norraalltyt 
near  plateaus  being  reeorded  after-  0*800  N  HCl. 

No  distinction  between  the  differences  among  duplicate 
doughs  could  be  made. 

E^aa  values  were  larger  than  Ex»  values  except  for  zero, 
0.300,  0.400.  0.450t  and  0.500  N  HCl  mixes.  E,bb  values  were 
larger  than  E-b  values  except  for  0.300,  0.400,  0.450,  and  0.500 
N  HCl  mixes. 

Effect  on  Extenslbillty-to-the-rlKht-of-tho-maxlniJa-helr,ht 
(En)  Values.  Eg  values  decroased  with  Increased  acid  normality, 
near  plateaus  being  reached  after  0.200  N  HCl- 

No  distinction  concerning  differences  between  duplicate 
doughs  could  bo  made. 

Egaa  values  were  larger  than  E«a  values  except  for  aero, 
0.050,  0.100,  0.450,  and  0.500  N  acid  mixes.  E«bb  values  were 
larger  than  E2b  values  for  0.050,  0.100,  0.150,  and  0.300  H  HCl 
mixes. 

Effect  on  Total  Extensibility  (E^)  Values.  E^  values  de- 
creased with  Increased  acid  normality,  near  plateaus  being 
reached  after  0.200  N  HCl. 

No  distinction  between  the  differences  among  duplicate 
doughs  could  be  made. 

E^aa  values  were  larger  than  Efca  values  except  for  zero, 
0.050,  0.100,  0.450,  and  0.500  N  acid  mixes.   E^bb  valuos  were 
larger  than  E*b  valuo3  for  zero,  0.050,  0.100,  0.150,  and  0.300 
N  HCl  mixes. 
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Effect  on  Area-undor-the-curve  (A)  Values.  All  area 
values  Increased  with  increased  normality  until  an  optimum  was 
reached;  then  Increased  normality  resulted  in  decreases  in  area 
values.  Kith  first  stretch  A  values,  the  maximum  areas  were 
reached  with  0.050  H  acid  mixes,  while  with  seoond  stretch 
values  the  maximum  was  with  0.125  N  UCl  Tor  Aaa  and  0.100  N  HC1 
for  Abb  values.  There  were  secondary  peaks  with  first  stretch 
values  (0.300  K  HCl  for  both  Aa  and  Ab  values )t  while  seoond 
stretch  values  continued  to  decreaso  with  increased  acid  normal- 
ity in  the  mixes. 

No  distinction  concerning  the  differences  between  duplicate 
doughs  oould  be  made. 

Aaa  values  *ere  larger  than  Aa  values  except  for  zero, 
0.050,  and  0.500  N  HCl  mixes.  Abb  values  were  larger  than  Ab 
values  fur  0.100,  0.125,  0.150,  and  0.200  N  acid  mixes. 

Kffect  on  Relative  Position  of  Point  c   Maximum  Curve 
Height.  Extenscgram  curve  slope  reversals  were  found  for  the 
second  of  the  duplicate  first  stretch  doughs  with  0.250  K  HCl 
in  the  mix,  and  for  both  duplicate  second  stretch  doughs  with 
0.300  N  HCl  In  the  mixes. 

These  values  were  found  by  subtracting  Eg  values  from  Ej 
values  (subtracting  Ej  values  from  E2  values  could  have  been 
done  as  validly).  Vihen  the  difference  was  zero,  it  meant  that 
the  position  of  the  point  of  maximum  curve  height  was  in  the 
exact  middle  of  th>  curve.   ..hen  the  difference  was  a  negative 
value,  it  meant  that  an  extensogram  reversal  had  been  effected; 
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that  is  tho  slope  of  the  curve  was  In  the  opposite  direction 
from  what  it  had  been  formerly,  or.  In  othor  words,  the  peak 
of  the  curve  was  in  tho  left-half  of  the  curve  instead  of  the 
right-half  where  it  is  "normally"* 

r.ia-l.ga  values  continued  to  decrease  with  increased  nor- 
mality of  HCl  in  the  mixes  and  its  revorsal  was  beyond  the 
highest  normality  used  in  this  study,  but  with  the  other  value 
dlfforencos  the  reversal  was  affected  and  tho  curve  reverted  to 
the  "normal",  this  value  increasing  again  aa  the  acid  normality 
continued  to  increase* 

"A"  Flour  Acetic  Acid  study 

For  the  sake  of  easier  comprehension,  changes  in  oxtenso- 
;;ram  values  with  increments  of  acetic  acid  are  described 
according  to  the  changes  effected  in  tho  various  characteristics 
of  the  curves*  The  complete  data  are  reoorded  In  Table  25. 

With  normality  cf  0*200  an.:  beyond,  the  dough  began  to 
smear  during  molding*  There  was  a  definite  trend  in  this  ten- 
dency to  smear  during  molding.  Second  duplicato-socond  stretch 
doughs  smeared  first}  then  second  duplicate-first  stretch  doughs; 
and,  finally,  with  0.300  N  acetic  acid,  all  the  doughs  smeared 
upon  molding. 

Effoct  on  Force  Values.  Fa  values  continued  to  increase 
with  incroasod  normality  of  acetic  acid  in  the  mixes  even  until 
the  doughs  became  so  sticky  they  could  not  be  molded  and, 


■^■H 


168 


consequently*  no  more  stretches  taken*  The  other  P  values 
were  not  changed  appreciably  by  addition  of  acetic  acid* 

Ho  distinction  concerning  the  differences  between  duplicate 
doughs  could  be  made. 

All  Pa  values  were  larger  than  Faa  values,  and  all  Pb 
values  were  larger  than  Fbb  values* 

Effect  on  Counded-by-the-curve  Lxtonslblllty  (E)  Values. 
All  E  values  decreased  with  increased  acetic  acid  normality  In 
the  mixes. 

No  distinction  concerning  the  differences  between  duplicate 
doughs  could  be  made* 

All  Ea  values  were  larger  than  Eaa  valuas,  while  no  dis- 
tinction concerning  the  differences  between  stretches  of  second 
duplicate  doughs  could  be  made. 

Effect  on  Extenslbillty-to-tho-lef t-of-tiie-maxlnaun-helr.ht 
(Ex)  Values.  Ei  values  decreased  until  a  normality  of  0.125  was 
readied  after  which  Ej_  values  inoreased. 

Mo  distinction  concerning  the  differences  between  duplicate 
doughs  oould  be  made. 

All  L.a  values  were  larger  than  E-^aa  values,  while  no  dis- 
tinction concerning  the  differences  between  stretches  of  second 
duplicate  doughs  could  be  made. 

Effect  of  Extenslblllty-to-the-rlrht-of-the-majclaum-helrht 
(Eg)  Values.  Tharo  was  a  tendency  for  E2  values  to  decrease 
with  lncroased  acetic  acid  normality,  but  this  trend  was  not 
oloar-cut  since  there  were  exceptions  that  may  not  have  been 


159 

Table  25. 

Effect  of  aoetio  aold  on  "A"  flour- 

water  dough 

svg 

ixed  In  Hobart-swanscp  mixer  as  re- 

fie 

cted  by 

axtenaogram  values. ■"■ 

kxttnaograa 

characteristics 

: 

Normality 

or  c::3c 

-on 

:  0.00 

0.050 

0.125 

'  0.200 

0.250   0.300 

1  ■ 

1.05 

1.15 

1*90 

1.40 

1.70     ~» 

n 

1.20 

1.05 

1.25 

1.15 

-*.} 

Faa 

0.30 

0.65 

0.80 

0.70 

0.60 

Fbb 

0.85 

0.80 

0.80 

->z 

-a 

Ea 

16.10 

12.75 

11.75 

11.80 

10.70 

Eb 

16.40 

11.90 

11.40 

10.40 

<•» 

Eaa 

15.55 

10.50 

o.75 

9.00 

6.60 

Ebb 

12.70 

13.65 

11.10 

»$> 

-it 

EXa 

7.70 

5. GO 

4.15 

6.35 

4.55 

Kxb 
E.aa 

7.95 

5.80 

3.50 

. 

— 

7.25 

4.50 

1.55 

4.35 

3.30 

EJ-bb 

8.70 

5.25 

1.80 

-■> 

-* 

Ega 

8.40 

7.15 

7.60 

5.45 

6.15 

E2b 

8.45 

6.10 

7.90 

4.75 

-o 

E„aa 

4bh 

8.30 

6.00 

7.20 

4.65 

3.30 

8.50 

8.40 

9.30 

-» 

- 

E*a 

16.60 

12.75 

11.90 

12.50 

10.70 

17.05 

12.85 

18.15 

12.  G5 

-* 

Etaa 
E^bb 

16.65 

10.50 

11.85 

9.90 

7.60 

19.35 

14.00 

11.10 

-«• 

- 

Aa 

16.26 

13.18 

12.67 

14.28 

14.79 

Ab 

18.43 

10.95 

12.93 

10.43 

-•» 

Aaa 

11.70 

6.14 

6.02 

5.76 

5.38 

Abb 

14.40 

11.52 

7.30 

-tt 

— » 

Eia-K^a 
E£b-F2b 
E^aa-Kgaa 
Ejbb-Egbb 

-0.70 

-1.55 

-3.45 

0.90 

-1.60 

-0.50 

-0.30 

-4.40 

0.90 

- 

-1.05 

-1.50 

-5.65 

-0.30 

0.00 

0.20 

-3.15 

-7.50 

-•» 

-« 

•TPho  flour 

was 

used  after  it  had  been  stored  97  days  in 

sealed 

cans 

at  80° 

F. 

•■These  doughs  were  so 

sticky  that  thoy 

smeared 

upon  molding 

and  oould  not  be  s 

t retched. 
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duo  to  experimental  error. 

Ho  distinction  concerning  the  differences  between  duplicate 
doughs  oould  bo  made. 

All  H^a  values  were  larger  than  Egaa  values ,  but  no  dis- 
tinction concerning  the  differences  between  stretches  of  second 
duplicate  doughs  could  be  made. 

Effect  on   Total  Extensibility  (B*)  Vf.luoj.  There  was  a  re- 
duction in  E$  values  with  increased  acetic  acid  normality.  The 
second  duplicate  values  tended  to  be  larger  than  first  duplicate 
values. 

E^a  values  were  larger  than  Etaa  values,  but  no  distinction 
concerning  the  differences  betweon  stretches  of  second  duplicate 
doughs  could  be  made. 

Effect  on  Area-under-tho-curvo  (A)  Values.  All  of  the 
values  decreased  progressively  with  increased  acetic  acid  nor- 
mality with  the  exception  of  Aa  values  which  decreased  until 
0.125  II  acetic  acid  was  in  the  dough  and  then  lnoreased  again 
with  further  lnorease  in  normality. 

No  distinction  concerning  the  differences  between  first 
stretch  duplicates  cculd  be  made,  but  second  duplicate  second 
stretch  values  wero  higher  than  first  duplicate  second  stretch 
values,  and  Ab  values  were  larger  than  Abb  values  with  the 
exception  of  the  mix  with  0.050  K  acetic  acid. 

Effect  on  Relative  Position  of  Point  of  Maximum  Curve 
Height.  Exteneogram  curve  slope  reversals  were  found  for  all 
tho  curves  with  the  exceptions  of  E,a-Ej>*  for  0.200  I  acetic 
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acid,  and  E^b-Egb  for  0.200  N  acetic  acid. 

The  extent  of  the  reversal  became  stronger  as  the  acetic 
acid  normality  increased  until  0.125  U   acetic  acid  was  reached; 
then  with  0.200  N  acetic  acid  tho  curve  slope  rapidly  approached 
"normal"  again. 

Storage-Acid-Base  St  Ay 

In  this  study  the  effect  of  0.250  N  hydrochloric  acid, 
0.250  Yt   acetic  acid  and  0.250  'I   ammonium  hydroxide  on  extenso- 
gra:ra  of  doughs  with  and  without  2  percent  sodium  chloride 
whose  flour  was  stored  under  different  conditions  of  atmos- 
phere and  temperature  was  observed.  The  data  aro  recorded  in 
Tables  26  and  27.  Mining  was  dona  with  the  Hobart-swanson 
mixer  for  1  minute  and  5  seconds,  and  the  absorption  was  62.9 
percent. 

With  2  percent  sodium  chloride  the  most  dramatic  exten- 
aogram  changes  were  with  mixes  involving  0.250  N  acetic  acid. 
All  extensopram  values  greatly  Increased  with  the  inclusion  of 
2  percent  salt  in  conjunction  with  tha  acetic  acid.  For  HC1 
mixes  the  inclusion  of  2  percent  salt  decreased  F  and  A  values 
and  increased  |  and  E*  Talues.   The  inclusion  of  sodium  chlo- 
ride in  NH^OH  mixes  resulted  generally  in  decreased  F  and  A 
values.   No  overall  statemont  concerning  NH^OH  mix  E  tad   t 
values  can  be  made  without  qualifying  anothor  variable. 

Although  there  were  exceptions,  generally  F  and  A  values 
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Table  26. 

Effoct  of  various  reagents   on 

oxtonao 

-ra  s  of 

doughs 

with  and  without  2 

percent  H 

aCl  whose  flour 

was 

St'. 

;red  unJer 

different  conditions  of 

atmcspl: 

ere  and 

temperature. 

\           "A" 

flour 

(stored  under  air 

at  00° 



F.) 

.0.260  N 

HCl 

50.250  N 

CHgCOOH 

t0.250  N 

NH4OH 

Uctenso^raai 
characteristic 

'.Of.  KaClie                                          iCl:0     Nacl:2     !TaCl 

s: 

Storare 

.       *Ti 

: 

90 

:                 97 

: 

89 

Pa 

8.65 

6.25 

1.70 

6.25 

8.30 

7.45 

Pb 

8.65 

6.45 

*• 

6.85 

8.40 

8.35 

Faa 

8.80 

6.30 

0.60 

7.90 

14.10 

14.50 

Fbb 

7.55 

6.20 

~» 

8.25 

12.85 

15.00 

Ea 

5.10 

5.65 

10.70 

11.95 

14.35 

11.80 

Eb 

5.05 

7.40 

— «■ 

13.15 

14.25 

11.90 

Eaa 

5.30 

6.65 

6.60 

13.55 

8.25 

8.00 

i:bb 

5.45 

5.95 

-« 

13.75 

8.05 

7.60 

Eta 

5.10 

6.05 

10.70 

12.05 

14.35 

12.00 

Etb 

5.05 

7.85 

— » 

13.15 

14.80 

11.90 

Ebb 

3 

5.30 

6.65 

7.60 

15.25 

8.25 

8.00 

5.45 

5.95 

-» 

14.80 

8.05 

7.60 

28.35 

22.60 

14. 7C 

54.72 

93.18 

69.18 

Ab 

26.69 

2E.04 

- 

64.90 

86.91 

76.03 

Aaa 

27.26 

27.14 

5.38 

78.27 

79.42 

72.13 

Abb 

27.01 

23.68 

Storage 

82.88 

67.33 

70.21 

244 

244 

244 

Fa 

9.70 

6.60 

1.90 

7.35 

11.55 

10.05 

Pb 

9.30 

6.75 

1.80 

7.50 

12.65 

10.40 

Faa 

8.15 

5.50 

1.45 

7.60 

14.05 

14.20 

Fbb 

8.10 

5.65 

-tt 

7.85 

13.95 

14.25 

Ea 

5.25 

6.10 

12.15 

15.45 

12.85 

12.40 

Eb 

5.35 

6.25 

11.90 

15.90 

12.45 

11.45 

Eaa 

5.45 

6.00 

12.00 

15.95 

8.00 

8.05 

Ebb 

5.80 

6.45 

— » 

15.90 

7.95 

7.80 

Lta 

5.35 

6.20 

12.90 

16.05 

13.70 

13.05 

Etb 

5.35 

6.30 

12.60 

15.95 

13.95 

12.90 

Ktaa 

6.15 

6.25 

12.95 

16.20 

8.55 

8.25 

Etbb 

5.80 

G.45 

•*$? 

15.90 

8.30 

7.30 

Aa 

32.41 

27.14 

17.81 

84.24 

139.23 

91.04 

Ab 

32.20 

27.32 

10.73 

86.96 

140.61 

92.67 

Aaa 

29.41 

22.07 

15.69 

87.77 

70.84 

69.26 

Abb 

31.10 

23.18 

— a 

90.41 

70.49 

67.98 
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Table  26.   (oont 

•) 

"B 

'  flour 

(stored 

lander  air 

at  50- 

60°  !•'.) 

Extonsotjram  : 

0.250 

S  HCl 

tO. 250  H 

C"3C  'IIiO.250  i 

NH4OH 

characteristics : 

0;1  NaCll2; 

:0,'  "acl 

\2i  ::acl: 

03?  NaCll2£  UaCl 

sEl  > 

.   ,  .: 

88 

• 

B8      J 

88 

Fa 

9.90 

6.35 

0.75 

6.35 

6.S5 

5.20 

Fb 

8.15 

6.70 

1.00 

5.35 

6.50 

6.05 

Faa 

7.20 

5.-10 

— B- 

6.35 

12.90 

10. 30 

Fbb 

7.15 

5.75 

a| 

5.15 

13.05 

11. 25 

Ea 

£.25 

6.25 

7.10 

13.45 

18*80 

14.70 

A 

6.25 

6.25 

7.95 

14.55 

13.35 

13.45 

Eaa 

5. GO 

5.90 

-. 

13.10 

7.30 

7.35 

Ebb 

E.40 

S.80 

-> 

13.15 

8.20 

7.70 

Eta 

5.25 

7.25 

0.05 

14.25 

14.35 

15.05 

6.25 

6.25 

9.05 

15.30 

14.10 

14.30 

5" 

5.30 

6.50 

— :> 

14.10 

7.30 

7.35 

5. -SO 

6.30 

-» 

15.25 

8. 20 

8.00 

32.51 

27.52 

4.35 

65.72 

71.36 

61.00 

Ab 

33.92 

27.07 

6.59 

66.05 

68*99 

64.90 

Aaa 

27.26 

20.10 

-■» 

66.30 

65.79 

57.02 

Abb 

24.32 

23.23 

— » 
Storage 

59.97 
•  ;!ays 

71.36 

61.76 

245 

245 

245 

Fa 

10.55 

7.30 

1.95 

7.50 

10.30 

6.20 

;••.. 

10.15 

7.30 

1.70 

7.95 

10.75 

7.45 

Faa 

8.35 

6.55 

1.30 

7.90 

13.40 

12.20 

Fbb 

8. 05 

6.25 

— ::■ 

8.10 

13.75 

12.55 

Ea 

5.50 

6.35 

12.20 

15.60 

11.55 

14.15 

Kb 

5.25 

6.30 

12.05 

15.55 

11.10 

13.30 

Eaa 

6.05 

5.90 

,  11.95 

15.55 

8.35 

8.35 

Ebb 

5.45 

6.50 

-:> 

15.75 

7.05 

8.45 

Eka 

Ktb 
Etaa 

E^bb 

A§ 

5.50 

6.35 

12.65 

16.20 

11.90 

15.30 

5.25 

6. SO 

12.30 

16.05 

11.30 

14.10 

6.05 

6.40 

13.50 

16.30 

8.35 

9.05 

5.45 

7.75 

-•:, 

17.05 

7.35 

9.20 

36.57 

31.23 

19.41 

86.53 

90.67 

70.30 

Ab 

33.47 

23.44 

17.52 

87.20 

92.31 

81.32 

Aaa 

34.56 

24.13 

13.36 

87.04 

70.20 

66.47 

Abb 

30.40 

24.50 

— is- 

92.47 

69.52 

73.92 
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Table  26.   (coat.) 

"02n  flour  (stored  under  oxygen  at  50- 

60°F.) 

Extensocram 

0.S50 

N  I!C1 

SO. 250  I 

CHgC00Hl0.250  1 

NII4OH 

characteristics 

-.:>     ::acl 

:0;'  Unci 

Clj 

0$   Nad 

:2".'  HaCl 

r.tora'go' 

t  .  a 

51 

:       91 

91 

Pa 

9.05 

6.95 

1.20 

5.15 

6.10 

5.60 

Kb 

9.20 

7.10 

1.35 

5.85 

6.45 

6.65 

Faa 

8.50 

5.40 

-to 

6.20 

11.95 

10.70 

Fbb 

7.55 

5.05 

-» 

6.45 

12.20 

9.60 

Ea 

5.00 

5.40 

10.30 

13.65 

13.30 

9.60 

Eb 

5.50 

5.55 

10.65 

13.15 

11.55 

10.65 

Eaa 

5.90 

5.70 

-* 

12.95 

7.95 

8.65 

Ebb 

5.20 

5.60 

«» 

13.95 

6.05 

7.75 

Eta 

5.30 

5.65 

11.20 

15.00 

13.30 

11.05 

Etb 

5.75 

6.35 

11.10 

14.60 

12.40 

11.35 

Etaa 
E^bb 

5.90 

6.00 

-to 

13.95 

8.55 

7.50 

5.40 

6.05 

-::- 

13.95 

6.05 

8.05 

Aa 

28.80 

27.62 

10.01 

55.62 

65.41 

42.75 

Ab 

32.97 

28.28 

10.37 

58.30 

58.75 

53.89 

Aaa 

32.13 

20.14 

— to 

59.90 

61.38 

45.83 

Abb 

25.50 

19.51 

-to 

Storaee 

66.75 
,  days 

51,71 

50.30 

243 

240 

244 

243 

Pa 

9.85 

8.10 

1.80 

7.10 

10.45 

6.70 

Pb 

10.55 

B.35 

1.65 

7.25 

10.80 

8.20 

Faa 

7.95 

8.25 

1.40 

7.80 

15.50 

in.  15 

Fbb 

7.90 

6.20 

1.25 

7.40 

14.10 

K.30 

Ea 

5.25 

5.90 

10.75 

14.75 

12.20 

14.20 

i;b 

5.70 

6.25 

11.70 

14.85 

11.55 

13.50 

Eaa 

5.75 

S.55 

10.90 

14.85 

8.50 

0.20 

Ebb 

5.35 

6.40 

11.20 

15.65 

8.20 

0.50 

Eta 

Etb 
Ktaa 

a 

5.25 

5.90 

10.75 

16.55 

12.20 

16.35 

5.70 

6.85 

12.90 

15.25 

11.55 

13.90 

5.75 

6.55 

10.90 

16.25 

8.50 

9.50 

5.r5 

7.00 

11.20 

15.65 

8.20 

3.50 

31.68 

29.89 

1C.00 

78.46 

92.80 

76.16 

Ab 

34.63 

33.66 

19.65 

76.66 

90.37 

87.49 

Aaa 

28.99 

34.18 

11.64 

84.93 

71.87 

71.04 

Abb 

27.20 

25.22 

9.98 

85.25 

73.15 

78.08 
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Table  26.      (concl.) 

'"Kg"  flour   (stored  under  nitroga 

B  at  50 

-cc°:.) 

Extensccrair. 

;      0.250 

1   HCl 

J0.250  H 

CK3C0CHt0.250   8 

NH40H 

characteristic 

a:0:>  Had 

:2#  NacljO        icl:2     :  aCliO*  Had 

:2'     r'aCl 

: 

Storage i 

■ 

: 

".: 

:              86 

86 

Fa 

9.00 

7.30 

1.15 

5.95 

6.75 

5.75 

Fb 

9.65 

7.25 

1.30 

5.85 

7.25 

6.05 

Faa 

7.15 

6.30 

-» 

7.15 

13.65 

10.70 

Fbb 

7.20 

6.15 

-«• 

6.90 

12.55 

10.40 

Ea 

5.10 

6.05 

9.75 

14.05 

13.10 

15.50 

Eb 

5.45 

6.15 

11.00 

14.20 

18.80 

14.10 

Eaa 

6.05 

6.10 

— » 

IE.  00 

7.85 

7.70 

Ebb 

5.65 

6.25 

-a 

14.60 

7.55 

7.70 

Eta 

6.10 

6.05 

11.90 

1G.20 

14.80 

15.80 

Etb 

5.45 

6.15 

11.00 

15.50 

14.  65 

14.45 

:  t":- 

6.60 

6.10 

-& 

14.10 

7.85 

8.25 

Etbb 

5.85 

6.80 

— » 

16.30 

7.55 

8.15 

Aa 

20.24 

27.46 

9.73 

64.77 

70.28 

69.25 

Ab 

35.20 

88.08 

10.88 

03.71 

76.35 

68.99 

Aaa 

28.35 

27.20 

— » 

69.00 

70. 05 

56.39 

Abb 

27.52 

24.32 

Hi 
Storage, 

76.54 
days 

64.96 

55.36 

243 

240 

244 

Fa 

10.15 

7.45 

1.80 

7.40 

11.25 

7.05 

Fb 

9.55 

7.85 

1.60 

0.20 

11.60 

7.20 

Faa 

7.95 

8.00 

1.20 

7.75 

13.55 

13.70 

Fbb 

7.80 

6.75 

-■■:, 

7.90 

13.60 

12.75 

Ea 

5.45 

5.15 

11.00 

15.30 

11.00 

15.15 

Eb 

5.10 

6.25 

10.85 

14.05 

11.25 

13.20 

Eaa 

4.70 

6.70 

12.55 

14.60 

8.80 

8.10 

Ebb 

5.35 

6.60 

-* 

15.70 

7.60 

7.75 

Ft» 

5.45 

6.15 

12.45 

16.75 

11.95 

15.15 

Etb 

5.10 

6.45 

10.85 

15.90 

11.25 

13.65 

E^bb 

4.70 

6.70 

13.20 

I8.i  ... 

.    ... 

S.30 

5.35 

7.05 

-tt 

17.30 

7.50 

8.35 

34.24 

27.71 

16.51 

84.48 

88.70 

85.71 

Ab 

31.30 

30.05 

13.31 

81.28 

94.21 

72.94 

|M 

24.32 

33.66 

12.42 

85.18 

00.38 

75.65 

Abb 

27.65 

27.52 

— i> 

91.07 

65.15 

63.68 

*  Smeared  upon 

rounding 

and  molding  so  no  extensograms  were 

taken. 
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Table  27.  Lffect  of  0. 

250  H  HIUOH  on  extensograms 

of  doughs 

with  and  without  2  percent  !!acl  who30  flour  was 

atcrod  under  different  cc 

ndltlons  of  atmosphere 

and 

temperature . 

Exten- 
aocraa 

;    0 

percent  TTaCl 
Flour 

: 

1 

percent  NaCl 
Flour 

char- 

i  "A" 

"B" 

"°g" 

"V« 

"A" 

"B" 

<Y 

"V 

acter- 

: 

" 

Storage 

days 

latlcs 

:  89 

86 

91 

86 

89 

86 

91 

86 

Fa 

8.30 

6.65 

G.10 

6.75 

7.45 

5.20 

5.60 

5.75 

Fb 

8.40 

6.50 

6.45 

7.25 

8.36 

6.05 

6.65 

6.05 

Faa 

14.15 

12.90 

11.95 

13.65 

14.50 

10.60 

10.70 

10.75 

Fbb 

12.85 

13.05 

12.20 

12.55 

15.00 

11.25 

9.60 

10.40 

Ea 

14.35 

13.50 

13.30 

13.10 

11.80 

14.70 

9.60 

15.50 

Eb 

14.25 

13.35 

11.55 

13.60 

11.90 

13.45 

10.65 

14.10 

Eaa 

0.25 

7.80 

7.95 

7.05 

8.00 

7.65 

6.65 

7.70 

Ebb 

8.05 

8.20 

6.05 

7.55 

7.60 

7.70 

7.75 

7.70 

Eta 
Etb 
St** 

EJJbb 
Aa 

14.35 

14.65 

13.30 

14.80 

12.00 

15.05 

11.05 

15.80 

14.80 

14.10 

12.40 

14.65 

11.90 

14.60 

11.35 

14.45 

8.25 

7.80 

8.55 

7.85 

8.00 

7.65 

7.50 

0.25 

8.05 

8.20 

6.05 

7.55 

7.60 

8.00 

8.05 

8.15 

93.18 

71.36 

64.41 

70.28 

69.18 

61.00 

42.75 

69.25 

Ab 

86.91 

68.99 

58.75 

76.35 

76.03 

64.90 

53.89 

68.99 

Aaa 

79.42 

65.79 

61.38 

70.85 

72.13 

57.02 

45.85 

56.39 

Abb 

67.33 

71.36 

51.71 

64.96 
Storage 

70.21 
,  days 

61.76 

50.30 

55.36 

182 

161 

125 

161 

182 

161 

125 

161 

Fa 

10.50 

7.70 

7.85 

8.65 

9.85 

6.30 

6.65 

6.60 

Fb 

11.90 

8.15 

8.50 

8.45 

10.70 

6.70 

6.60 

7.40 

Faa 

14.95 

14.35 

12.15 

13.80 

14.70 

13.25 

12.10 

12.55 

Fbb 

15.00 

13.55 

15.40 

13.10 

13.95 

11.60 

11.75 

12.80 

Ea 

12.55 

13.55 

13.30 

16.20 

12.15 

14.35 

14.10 

14.15 

Eb 

11.20 

13.40 

12.90 

13.00 

10.90 

14.05 

12.95 

13.75 

Eaa 

7.70 

8.10 

7.90 

8.30 

7.90 

8.40 

8.10 

7.75 

Ebb 

7.70 

8.60 

7.00 

7.70 

7.70 

7.85 

8.60 

7.90 

Ei.  a 

12.55 

14.40 

14.25 

16.20 

12.90 

15.05 

15.05 

15.50 

E*b 

11.20 

13.55 

14.50 

13.00 

12.70 

15.45 

13.85 

14.20 

t 
E*aa 

Eibb 

8.50 

8.10 

7.90 

0..65 

8.25 

8.40 

9.35 

8.30 

7.70 

8.60 

7.80 

7.95 

7.70 

8.30 

8.85 

8.20 

Afi 

98.18 

82.18 

80.19 

108.80 

88.51 

72.32 

74.42 

74.18 

Ab 

95.49 

S3.  58 

82.82 

83.58 

82.43 

75.27 

67.39 

81.60 

Aaa 

76.22 

79.68 

62.27 

72.59 

72.19 

77.38 

63.75 

64.45 

Abb 

70.21 

70.21 

70.85 

65.60 

65.92 

62.20 

70.02 

68.02 
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Table 

27.   (ooncl.) 

rxton- 
sogras: 

:     C 
i 

percent  IlaCl 
Flour 

. 

2  percent  naCl 
Flour 

char- 

J "A" 

"B" 

"02" 

"N2n : 

"A" 

"B" 

"0g« 

"V 

acter- 

S 

Stora. 

e,  dayg 

istics 

:  200 

206 

182 

200 

200 

206 

102 

206 

Fa 

11.45 

8.35 

8.60 

8.10 

10.20 

6.00 

6.80 

6.90 

Pb 

12.80 

9.75 

9.10 

9.05 

10.95 

7.30 

7.55 

7.10 

Faa 

15.20 

13.35 

13.60 

12.30 

14.50 

11.70 

13.45 

13.70 

Fbb 

15.35 

13.55 

14.95 

13.00 

14.05 

13.00 

11.55 

12.75 

Ea 

12.30 

12.50 

11.70 

13.80 

12.30 

14.90 

12.20 

15.15 

Eb 

12.65 

13.90 

12.25 

12.40 

11.25 

13.00 

12.35 

13.20 

Eaa 

9.20 

7.55 

9.05 

8.50 

0.20 

8.  00 

8.10 

0.10 

Ebb 

9.00 

e.oo 

8.45 

8.80 

7.85 

7.90 

7.90 

7.75 

■*• 

13.46 

14.75 

12.05 

14.46 

12.70 

15.75 

13.50 

15.15 

Etb 
Efaa 

i;Jbb 

aS 

13.20 

13.90 

13.20 

13.65 

12.05 

15.20 

12.95 

13.65 

9.20 

8.00 

9.05 

10.20 

8.20 

0.00 

9.50 

3.30 

9.00 

8.00 

3.45 

0.80 

7.85 

7.90 

9.20 

.:  c 

130.51 

77.57 

77.25 

85.82 

91.62 

70.98 

64.00 

84.41 

Ab 

141.92 

100.93 

84.22 

04.74 

93.48 

73.98 

73.47 

71.94 

Aaa 

96.24 

64.96 

78.14 

76.29 

70.23 

63.36 

73.09 

75.65 

Abb 

96.78 

71.42 

79.30 

75.58 
Storage 

67.36 

i  days 

72.19 

59.66 

63.60 

244 

245 

244 

244 

244 

245 

243 

244 

Fa 

11.55 

10.30' 

10.45 

11.25 

10.05 

C.20 

6.70 

7.05 

Fb 

12.  G5 

10.75 

10.80 

11.60 

10.40 

7.45 

8.20 

7.20 

Faa 

14.05 

13.40 

13.50 

13.55 

14.20 

12.20 

13.15 

13.70 

Fbb 

13.95 

13.75 

14.10 

13.60 

14.25 

12.55 

14.30 

12.75 

I  ■ 

12.85 

11.65 

12.20 

11.00 

12.40 

14.15 

14.20 

15.15 

Eb 

12.45 

11.40 

11.55 

11.25 

11.45 

13.60 

13.50 

13.20 

Eaa 

1  .00 

0.35 

8.50 

8.00 

0.05 

8.35 

8.20 

0.10 

Ebb 

7.95 

7.05 

8.20 

7.60 

7.00 

8.45 

3.50 

7.75 

Eta 
4b 

13.70 

11.90 

12.20 

11.95 

13.05 

15.80 

16.35 

15.15 

IS.  95 

ll.i'O 

11.55 

11.25 

12.90 

14.10 

13.90 

13.65 

3s 

8.55 

O.Cb 

S.50 

8.80 

0.25 

9.05 

9.50 

0.30 

8.30 

7.85 

8.20 

7.60 

7.80 

9.20 

8.50 

8.35 

139.23 

90.67 

92.80 

.':. 

91.04 

70.38 

76.16 

85.71 

Ab 

140.61 

92.01 

90.37 

94.21 

92.67 

81.32 

87.49 

72.94 

Aaa 

70.84 

70.28 

71.87 

80.38 

69.26 

66.47 

71.04 

75.65 

Abb 

70.49 

69.52 

73.15 

65.15 

67.98 

73.92 

78.08 

63.68 
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increased  with  storage.  So  overall  statement  concerning  E  and 
Efc  values  could  be  made  without  qualifying  another  variable. 
With  storace,  0.250  N  SH^OH  oaused  the  most  changes  in  extan- 
so.ram  values.  Acetic  acid  gave  intermediate  values  and  mixes 
containing  HCl  were  changed  the  least. 

Effect  of  storage.  Tho  effect  of  flour  aging  between  three 
and  eight  months  on  extensogram  values  of  doughs  treated  with 
various  reagents  with  and  without  2  peroont  NaCl  whose  flour 
was  stored  under  different  conditions  of  atmosphere  and  tem- 
perature is  summarized  in  Table  28. 

Lffect  of  Salt.  The  effoct  of  2  porcent  sodium  chloride 
on  extensogram  values  of  doughs  treated  with  various  reagents 
whose  flour  was  stored  under  different  conditions  of  atmosphere 
and  temperature  and  for  different  periods  is  summarised  in 
Table  29. 

Effect  of  storage  Temperature.  The  effect  of  increased 
stora  e  temperature  on  extensogram  values  of  doughs  treated 
with  various  reagents  with  and  without  2  percent  sodium  chlo- 
ride whose  flour  was  stored  for  different  periods  is  sum- 
marised in  Table  30.  Differences  shown  existed  between 
samples  stored  at  50-60  F.  and  those  maintained  at  80°  F. 

Effect  of  Oxygen.  The  effect  of  oxygen  as  the  storage 
atmosphere  relative  to  the  condition  under  nitrogen  on  exten- 
sogram values  of  doughs  treated  with  various  reagent3  with 
and  without  2  percent  sodium  chloride  whose  flour  was  stored 
for  different  periods  is  summarized  in  Table  31. 
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Hydrogen  Sulfide  Study 

The  effect  of  mixing  atmosphere  axd  various  reagents  on 
untreated  and  Agonized  flour  stored  under  an  atmosphere  of 
hydrogen  sulfide  was  studied. 

Effect  of  Mixing  Atmosphere .  The  effect  of  mixing  atmos- 
on  farlnograms  and  extensograms  of  both  untreated  and  treated 
flour  (Agonized  to  commercial  levels)  Is  recorded  In  Table  32. 

1.   iffect  on  Untreated  Flour,  i'or  the  untreated  flour 
the  absorption  (61.2)  with  2  percent  salt  that  was  U3ed 
throughout  the  Storage  Study  was  employed,  and  the  dough  was 
mixed  3  minutes  and  15  seconds ,  which  was  the  optimum  mixing 
time  determined  when  the  storace  of  the  flour  began.   It  was 
decided  to  do  the  farinograph  mixing  under  oxygen  In  order 
to  decrease  the  slackening  effect  of  the  JUS  as  much  as  pos- 
sible. Even  so  the  dough  of  the  oxygen  mix  was  so  sticky  that 
it  could  be  neither  rounded  nor  molded.  The  farinogram  height 
for  this  dough,  however,  was  510,  the  farinogram  width  was  1.05 
and  the  h/w  value  was  486. 

In  order  to  change  the  handling  condition  of  the  dough 
enough  to  be  able  to  make  extensograph  determinations,  it  was 
decided  to  decrease  the  absorption,  keeping  the  mixing  time  as 
invariant.  The  absorption  had  to  be  lowered  to  55.0  percent 
(with  2  peroent  liacl)  before  a  dough  could  be  handled;  even  ao 
the  second  stretch  of  this  dough  was  too  sticky  to  be  rounded 
and  molded.  Second  duplicate  F  and  A]_  values  were  larger  than 


■■ 
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Tablo  32.  Kffeot  of  ttorage  under  HoS  atmosphere  upon  farin^- 
cruuns  and  extenaogr&.'.u  .  f  untreated  and  Agonised 
flour  doughs  mixed  in  the  farlnograph  using  varioua 
absorptions  and  mixing  atmospheres .* 


tOontrol  flour1   t   Untreated  flour   : 

Aronlzod 

rioor 

Curve       :    ("Bn  flour,       :  62  mTx, I  o„  nix,: 
charactor-: stored  88  days,}   61.2  £   :   05.0  %  1 

0„  r^lx, : 

to„  mix, 

61.2  %  : 

6i.2  a 

lstics      :0„  mix,  CI. 2  ,     :   absorp-:   absorp-s 

absorp-: 

abaorp- 

:     absorption)      :   tlon        t   tion       : 

tlon       : 

;..:..  . 

YTai,in'o,rJram  values 

H                                 570                         510            705 

580 

575 

1*60                       1.05          1.25 

1*15 

1.10 

;:/                               356                         406            564 

504 

523 

Uctonocvram  values 


Pa 

4 

.70 

Fb 

4 

.95 

Faa 

9 

.40 

Fbb 

9 

.55 

fl* 

F.,aa 
Ktbb 

• 

jpa 
5* 

M 

l;«aa 

— 

18.10 

Eb 

10 

.00 

Kaa 

13 

.20 

thb 

13 

.40 

Lta 
I* 

18 

.76 

18 

.15 

Etaa 

13 

.25 

Etbb 

13 

40 

M 

Aib 

ATaa 
A  Job 
AS 

0 

~ 

63 

.23 

Ab 

66 

.30 

AM 

88 

.64 

Abb 

86 

.  L 

0.95 

_.    .., 

1.05 

1.05 

1.75 

0.95 

•» 

2.55 

1.05 

«• 

2.35 

1.20 

1.25 

7.20 

7.90 

1.25 

6.75 

« 

5.75 

9.80 

» 

5.95 

10.65 

15.60 

11.05 

12.05 

15.15 

10.40 

12.75 

» 

12.70 

10.50 

» 

11.30 

9.45 

16.85 

18.25 

19.95 

16.40 

17.15 

22.70 

-."- 

18.45 

20.30 

• 

17.25 

20.10 

16.85 

19.05 

20.40 

16.40 

18.85 

22.70 

« 

18.45 

22.10 

• 

21.45 

24.30 

0.77 

9.54 

7.80 

0.96 

10.24 

9.15 

* 

11.70 

10.18 

» 

11.14 

12.42 

7.24 

24.65 

19.71 

6.20 

26.69 

20.86 

•:> 

36.29 

20.28 

•» 

32.26 

23.49 
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1 

-14.35 

-3.05 

-4.15 

« 

-13.90 

-3.65 

-2.eo 

1 

■a- 

-6.95 

-0.70 

e 

• 

-5.35 

1.20 

Table  32.   (conol.) 

tControl  riourE  l  Untroatod  "lour  ;  A£o:uzcsd  flour 

Curve   :  ("!3M  flour,    s  Og  raix, :  0     mix,:  ol  Tdx,:  if    Sf» 

charactor-:  stored  88  days,»  61.2  %   1  55.0  %   :  61.2  %   :  61. S  ?C 

ustuea   :0„  mix,  61.2  #  :  absorp-:  absorp-i  absorp-«  absorp- 

;   absorption   :  tlon    ;  tlon    ;  tlon    :  t 

-  2a 

Eib-Igb         r 

•:-|aa-Bgaa 

tpb-r^bb 

1  Thla  flour>  wan  used  after  It  had  been  stored  94  days  under 

an  HgS  atmosphere  at  50-60°  F.   Tho  mixing  time  was  3  min- 
utes, 15  seconds.  Two  percent  NaCl  was  used. 

q 

These  r"ata  were  obtained  from  the  Storage  Study  whose  Ki,  En 
arid  Aj_  values  were  not  determined. 

These  doughs  were  so  sticky  that  they  smeared  upon  molding 
and  could  not  be  stretched. 


first  duplicate  P  and  A  values,  and  first  duplicate  h,  £2»  E» 
Et  and  A  values  were  larger  than  seoond  duplicate  values.  Both 
duplicates  gave  extensogram  reversals.  The  farinograph  height 
for  this  dough  was  705,  the  width  1.25  and  the  HA'  value  was 
564. 

2.  Fffect  on  Agenlsed  Flour.  Treatment  with  Agene  had 
conditionod  the  Hg3  stored  flour  enough  so  that  Gl.2  percent 
absorption  (with  2  percent  salt)  gave  doughs  which  could  be 
rounded  and  molded,  so  tho  effect  of  mlxln  atmosphere  was 
studied,  ualng  Ng  and  Og  mixing  atmospheres.  Oxygen  increased 
farlnogram  height  and  width,  yet  deoreased  the  Ii/ff  value. 
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Oxygen  Increased  all  F,  second  stretch  Eg,  first  stretch  Alf 
first  duplloate-second  stretoh  Aj  ad  all  A  values.   Oxygen 
decreased  all  E^,  first  stretoh  Eg,  all  E,  all  Rj.  and  second 
duplicate-second  stretch  Aj_  values.  Oxygen  decroased  the  ex- 
tent of  extonsogram  reversal  in  first  stretch  mixes  and  in- 
creased it  in  second  stretch  mixes.   Both  Og  and  "g  mix  second 
stretch  f   values  were  larger  than  first  stretch  values.  First 
stretch  Og  mix  Ei  values  were  smaller  than  second  stretch  Og 
mix  values,  while  for  Ng  mix  the  opposite  was  true,  second 
stretch  E^  values  being  larger  than  first  stretch  values.  Eg 
values  were  opposite  E^  values.  There  was  a  tendenoy  for  both 
Op  and  N  mix  second  stretoh  E  and  E*  values  to  be  larger  than 
first  stretch  values.  Both  Og  and  Ng  second  stretch  A,  and  A 
values  were  larger  than  first  stretch  valuos.  For  Og  mixes 
second  stretch  extensogram  curve  rovorsals  were  more  extreme, 
while  for  Kg  mixes  the  opposite  was  true,  first  stretch  exton- 
sogram  curve  reversals  being  more  extreme  than  second  stretch. 

Effect  ■-!'   Various  ieai;ont3.   The  effect  of  various  reagents 
on  extensor  rams  of  untreated  and  Agonised  flour  is  recorded  in 
Table  33. 

1.  Lffoct  of  Agenlzing.  Acenlzing  a  flour  previous  to 
storage  under  HgS  caused  p  an!  E^  values  of  doughs  treated  with 
0.250  N  HC1  to  double,  Eg  values  to  decrease  slightly,  E  values 
to  remain  unohanged,  E»  values  to  Increase  slightly,  and  A  values 
to  more  than  double.  The  reversal  of  tho  extensogram  peak  was 
less  apparent  with  tho  Agonised  flour. 
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2.  I  ffect  of  NaCl.  The  addition  of  2  peroent  NaCl  In 
conjunction  with  0.250  K  HCl  to  dough  of  the  Agonized  flour 
stored  under  IU5  caused  F  and  E,  values  to  increase ,  Eg  values 
to  decrease,  E  ad  E>.  values  to  increase  slightly  and  A  values 
tc  approximately  double.  The  addition  of  tho  salt  caused  the 
iXtonsogram  peak  reversal  to  disappear. 

3.  BffMt  of  NaCl  an .:  UU0H«  The  addition  of  2  percent 
salt  in  conjunction  with  0.250  N  ammonium  hydroxide  to  dough  of 
the  Agonized  flour  stored  under  hydrogen  sulfide  caused  F  values 
to  decrease,  and  E^»  Eg»  E  and  E*  values  to  increase  with  the 
exceptions  of  second  duplioate-seccnd  stretch  E^,  F;  and  Ej.  values 
and  first  duplioate-seoond  stretch  Et  values  where  decreases 
occurred  with  inclusion  of  salt.  With  inclusion  of  salt,  first 
duplicate-first  stretch  A  values  Increased  while  all  others 
decreased,  tho  amount  of  decrease  being  5.22  for  second  duplicate- 
first  stretch  dough,  5.57  for  first  duplicate-second  stretch 
dough  and  6.53  for  second  duplicate-second  stretch  dough.  Salt 
caused  a  decrease  in  seoond  stretch  E^-Lg  values  while  first 
stretch  E-i-E„  values  remained  unchanged. 

4.  Comparison  of  Kf foots.   In  comparing  the  effects  of 
0.250  ■  HCl,  0.250  K  acetic  acid  and  0.250  N  NH^OH  used  in  con- 
junction with  2  percent  NaCl  on  doughs  of  Agonized  flour  stored 
under  IUS,  It  was  found  that  first  stretch  F  values  were  largest 
with  HCl,  intermediate  with  acetic  acid  and  lowest  with  JIH.OH, 
while  for  second  stretch  F  values  acetic  acid  gave  the  largest 
values,  ammonium  hydroxide  gave  intermediate  and  hydrochloric 
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aold  gave  th«>  smallest  values.  E,,  E,  Et  and  A  values  ware 
lariat  fir  acetic  acid,  intermediate  for  SH-OH  and  smallest 
for  HC1  for  both  first  and  second  stretch  doughs.  For  first 
stretch  Eg  values  NH^OH  values  were  largest,  acetic  acid  inter- 
mediate add  HC1  values  smallest  while  no  overall  statement  con- 
cernin,  second  stretch  values  could  be  made  with  differentiat- 
ing dough  duplicates.  E^-Ug  values  for  both  dough  stretches 
were  largest  for  acetic  acid,  Intermediate  for  HH.OH  and  small- 
est for  nci. 

5.  Comparison  of  Dough  Stretches.   First  stretch  F  values 
were  larger  than  second  stretch  F  values  for  HCl-0  percent  NaCl 
mixes  and  HCl-S  percent  WaCl  mixes,  while  for  acetic  acid-2 
percent  KaCl»  NH^OH-2  porcent  and  NH^OH-O  porcent  NaCl  mixea  the 
opposite  was  true,  second  stretch  mixes  being  larger  than  first 
3tretch  mixes.  There  was  a  tendency  for  first  stretoh  Ej_  values 
to  HCl-0  percent  salt  and  HCl-2  percent  salt  to  be  smaller  than 
second  stretch  values,  while  for  acetic  acld-2  porcent  N'aCl, 
NH4OH-2  percent  Bad  and  HH4OH-O  percent  NaCl  the  opposite  was 
truo,  second  stretch  mixes  beinp  smallor  than  first  stretch 
mixes.  First  stretch  E„  values  were  larger  than  second  stretch 
Eg  values  for  all  mixes.  First  stretch  h   values  were  larger 
than  second  stretch  F  values  for  acetic  acid-2  percent  t-'aCl, 
NH4"jH-2  percent  N'aCl  and  NH4OH-O  percent  NaCl.  No  overall 
state  rent  concerning  HCl-0  porcent  KaCl  and  HCl-2  percent  NaCl 
mixes  could  be  made  without  quallfylnc  the  dough  duplicate. 
First  stretch  A  values  were  largor  than  second  stretch  A  values 
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for  acetic  acid-2  percent  salt  and  HH.CH-2  percent  salt  mixes. 
No  overall  atatemont  concern!. n  IJCl-0  percent  NaCl,  HCl-2  per- 
cent KaCl  and  NII^OH-0  percent  NaCl  mixes  could  be  made  without 
qualifying  the  dough  duplicate.  For  HCl-0  percent  NaCl  mixes, 
first  strotoh  mixes  gave  more  intense  extensogram  reversals  than 
did  second  stretch  mixes.  For  NH^OH-2  porcent  NaCl  and  WH4OH-O 
percent  NaCl  mixes,  second  stretch  mixes  gave  more  "normal" 
extenso^rt^:  peak3  than  did  first  strotch  mixes.  For  HCl-2  per- 
cent salt  an.:  acetic  acid-2  percent  salt  mixes,  no  overall 
statement  could  be  made  without  qualifying  the  dough  duplicate. 

flour  under  hydro-en  sulfide  significantly  decreased  all  farln- 
ogram  an  extensogram  values,  with  tho  single  exception  with 
F/w  values  when  a  significant  increase  occurred,  when  compared 
with  the  oontrol  flour. 

Absorption-Storage  Study 

In  this  3tudy  the  objectives  were  to  find  the  effect  of 
storage  time  on  the  optlrmim  absorption  of  a  flour,  and  to  find 
the  effect  of  storage  temperature  and  sub-optimum  absorption 
on  farlnograas  ant,  extonso^rams  of  flour-water  systems,  nnly 
first  stretoh  oxtenso^rams  were  taken. 

Effect  ~r  ::, tora,;o  Time .   Tho  data  U3ed  to  determine  the 
effect  of  stora^  a  time  on  tho  optimum  absorption  were  obtained 
from  the  storage  Study,  Sodium  Chloride  Study  and  Potassium 
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Brcmate  Study,  as  recorded  in  Table  54. 


Tabl8  34.  Effoot  of  storage  time  on  optimum  absorption 
and  mixing  time  of  "E"  flour-water  systems. 


Gtcra^n 
(days) 

1              Qptimtfii 
:            absorption 

:         Tixin       ti;::o 
:          (minutes) 

0 

62.9 

•1 

129 

64.0 

H 

855 

05. 0 

5 

From  the  data  in  Table  34,  it  will  be  seen  that  optimum 
absorption  and  mixing  time  Increase  as  the  age  of  the  flour 
increases. 

LiToct  ..  i      l   rr    '.   Temperature  and  Sub-optl:num  Absorption. 
The  effect  of  storage  temperature  and  sub-optimum  absorption  on 
farlnograms  an~  extensograms  of  douche  of  flour-water  systems 
is  recorded  in  Tabic  35. 

1.  Effect  of  Storage  Temperature.  No  significant  dif- 
ferences due  to  the  effeot  of  storage  temperature  were  found 
for  farlno,;rara  values  and  for  extenso^ram  F,  E  and  A  values. 
"A"  flour  En  and  &V  values  were  larger  and  "A"  flour  E„  values 
wero  smaller  than  the  respective  "B"  flour  values,  "a"  flour 
extensogram  peak  values  wero  more  "normal"  than  those  of  "B" 
flour. 

2.  Lffect  of  Sub-optimum  Absorption.  The  effect  of  sub- 
optimum  absorption  on  "A"  flour  was  to  increase  farinogram  H»  W 
and  K/tf  values;  to  increase  extensogram  P,  Eg  and  A  values;  and 
to  decrease  extensogram  E.  values.   No  significant  changea  in  E 
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and  Efe  values  were  found.  Sub-optimum  abaorption  caused 
distinct  extensogram  peak  reversals.  On  "B"  flour,  the  effect 
of  sub-optimum  absorption  was  to  increase  farinogram  H,  v.  and 
b/»  values;  to  increase  F  and  Eg  values}  and  to  decrease  E1,  E 
and  E«.  values.  No  significant  changes  in  A  values  were  found. 
Sub-optimum  abaorption  caused  distinct  extensogra.r.  peak  re- 
versals. 

3.   Comparison  of  "A"  and  nn   Flour  Valuaa  of  Doughs  Hav- 
ing Sub-optimum  Absorption.  No  differentiation  of  farlnograma 
could  be  made.   "A"  flour  F  arid  Eg  values  increased  more  than 
did  "B"  flour  P  and  Eg  values.  "A"  flour  Ej  values  decreased 
more  than  "B"  flour  Ex  values.   "A"  flour  E  and  Efc  values  re- 
mained the  same  while  "B"  flour  values  decreasod,  and  "A"  flour 
A  values  inoreased  while  "B"  flour  values  remained  the  same. 
Extensogram  peak  reversals  were  more  extreme  for  the  "A"  flour 
than  they  were  for  the  "B"  flour. 

Dough  Handling  Characteristics 

The  objective  of  this  study  was  to  determine  whether  a 
method  of  qualitative  observation  as  developed  in  this  study 
oould  detect  differences  In  flours  and  doughs  having  different 
treatments,  and  whether  these  differences,  If  present,  are 
correlated  In  any  manner  with  farinocrams  and  extensograms . 
Examples  of  typical  changes  are  recorded  below. 

rffect  of  Storage  Atmosphere.  The  effect  of  storage 
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atmosphere  on  dout;h  handling  characteristics  in  the  case  of  the 
untreated  flour  used  in  the  Storage  Study  Is  recorded  in  Table 
37.  The  mixing  atmosphere  either  masked  or  augmented  the 
trends  due  to  storage  atmosphere  and  stora.  e  temperature*  '.ith 
oxygen  in  the  storage  atmosphere,  the  dough  became  loss  stiff 
for  oxygen  mixes  and  more  adhesive  with  nitrogen  mixes.  The 
dough  cylinder  became  slightly  shorter  with  nitrogen  mixes,  and 
the  shape  of  the  dough  after  molding  beoame  cylindrical  instead 
of  remaining  concave  with  oxygen  mixes. 

Effect  of  storage  Temperature,  v. ith  flour  stored  under  a 
higher  temperature  (80°  p.  Instead  of  50-60°  F.)  the  dough  be- 
oame slightly  more  wet  in  all  three  mixing  atmospheres,  slight- 
ly more  limp  for  oxygen  and  nitrogen  mixes,  and  slightly  more 
cohesive  for  oxygen  mixes  as  recorded  in  Table  37.  The  length 
of  the  dough  cylinder  increased  for  all  three  mixing  atmos- 
pheres with  the  higher  temperature,  and  the  dough  changed  in 
shape  after  molding  from  concave  to  cylindrical  with  oxygen 
and  air  as  mixing  atmospheres. 

Effeot  of  r.alt.  The  effect  of  salt  on  dough  handling 
characteristics  in  the  case  of  the  untreated  flour  used  In  the 
Potassium  Brozaate  Study  Is  recorded  In  Table  38.   Increased  salt 
made  the  dough  appear  wetter,  although  increase  in  oxygen  in  the 
mixing  atmosphere  retarded  this  appearance.   Increased  salt  re- 
sulted in  stlffer  doughs.  Coheslveness  increased  throughout 
the  range  of  salt  increase  for  nitrogen  mixed  doughs,  but  with 
air  and  oxygen-mixed  doughs  ooheslvenesa  Increased  with  salt 
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until  a  reversal  in  the  trend  of  physical  properties  wa« 
reached  after  which  further  increase  in  aalt  concentration 
caused  the  doughs  to  become  adhesive  again.  Salt  had  no  effoet 
upon  the  color  of  the  dough.  The  surface  of  the  dough  ball 
becaaa  smoother  and  the  longth  of  the  dough  cylinder  became 
less  with  increased  salt  until  a  reversal  in  the  trend  of  the 
physical  properties  was  reached  after  which  further  increase  in 
salt  concentration  caused  the  surfaoe  of  the  dough  ball  to  be- 
come rougher  and  the  length  of  the  dough  cylinder  to  increase 
again*  With  increased  salt,  the  molded  dough  became  convex 
in  shape  until  a  reversal  in  the  trend  of  the  physical  proper- 
ties was  reached  after  which  further  Increase  in  salt  caused 
the  molded  dough  to  again  assume  a  concave  shape* 

If feet  of  Bromate .  The. effect  of  salt  on  dough  handling 
characteristics  in  the  case  of  the  non-agenized  flour  used  in 
the  Potassium  Bromate  Study  is  recorded  in  Table  38.   Aith  in- 
creased bromate  doughs  became  wetter,  less  limp,  more  cohesive, 
smoother,  shorter  in  length,  and  more  concave.   Increased  bro- 
mate changed  the  color  of  the  dough  from  croamy  to  white.   (The 
addition  of  :m   OH  on  the  other  hand  changed  the  color  of  the 
dough  from  the  sane  flour  from  a  creamy  to  a  yellow-green 
color.) 

Effect  of  Mixing  Atmosphere.  The  effect  of  increased  oxygon 
on  dough  handling  characteristics  in  the  case  of  non-agenised 
flour  used  In  tho  Potassium  Bromate  Study  is  recorded  in  Table 
36.  Kith  Increased  oxygen  in  tho  mixing  atmosphere  doughs  be- 
came longer  and  slightly  more  concave.  No  other  change  was 
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noticeable . 

Effect  of  Hydrogen  sulfide .  Change  effected  In  dough  hand- 
ling characteristics  by  storage  of  non-agenized  flour  under  an 
atmosphere  of  hydrocen  sulfide  is  shown  in  Table  39.  Hydrogen 
sulfide  made  the  dough  very  wet,  runny,  and  adhesive.   It  changed 
the  color  of  the  dough  from  a  creamy  to  a  white  color,  pitted 
the  surface  of  the  dough  ball,  and  made  the  molded  dou(;h  very 
long  and  concavo. 
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Table  39.   Evaluation  of  qualitative  charges  in  dough 
handling  characteristics  due  to  storage 
under  hydrogen  sulfide  on  untreated  flour 
mixed  in  air. 


Observation 

:'  "Normal*1 

:   dourh 

i  Dough  from  flour 

:  stored  under 

:  hydrogen  sulfide 

Moisture  condition 
After  mixing 
After  1st  rounding 
Aftor  2nd  rounding 

0 
0 
0 

-1 
-1 
-2 

Extensibility 
After  mixing 
Aftor  1st  rest 
After  2nd  rounding 

0 
0 
0 

-2 
-3 
-4 

stickiness 
Aftor  mixing 
After  1st  rounding 
After  2nd  rounding 

0 
0 

+1 

-2 

-3 
-3 

Color 

After  mixing 
After  2nd  stretoh 

0 
0 

+1 
+1 

Surface  of  dough  ball 
After  1st  rounding 
After  2nd  rounding 

+1 
+1 

-8 

-2 

Length  of  dough  cylinder 
After  1st  molding 
After  2nd  molding 

0 
0 

+2 

+2 

Shape  of  dough  cylinder 
After  1st  molding 
After  2nd  molding 

0 
0 

+2 
+2 
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DISCUSSIOH  ARD  CONCLUSIONS 

The  fundamental  physical  properties  responsible  for  the 
behavior  of  a  dough  in  the  extensograph  are  elastic  deforma- 
tion and  plastic  flow.  Since  both  properties  are  Involved 
simultaneously  throu*;hout  mo3t  of  the  stretchln  ,  the  extenso- 
graph curve  is  a  reflection  of  both  properties  rather  than  of 
each  singly.   In  the  extensogram,  measurements  of  elastic  de- 
formation are  force  values,  and  until  the  elastic  limit  of  the 
dou  h  has  been  exceeded,  there  is  a  dynamic  tension  present 
which,  if  permitted,  would  tend  to  return  the  dough  to  its 
original  form.  Extensibility,  on  the  other  hand,  is  plastic 
flow,  and,  although  energy  is  required  to  perform  plastic  flow, 
there  is  no  Internal  force  present  which  would  tend  to  return 
the  dough  to  Its  original  form.  Thus  elastic  deformation  la 
reversible  while  plastic  flow  la  Irreversible.  A  stool  spring 
classically  exhibits  properties  of  elastic  deformation.  A 
straight  line  with  slope  proportional  to  the  stiffness  of  the 
spring  would  be  drawn  until  the  elastic  limits  were  reached 
after  r/hlch  there  would  be  a  sharp,  almost  perpendicular  drop 
In  the  curve.  A  classical  example  of  plastic  flow,  to  be 
facetious,  is  a  strand  of  molasses  in  January.  With  this  there 
is  the  abrupt  initial  rise  in  the  oxtensogram,  due  partially 
to  the  inertia  of  the  extensograph,  but,  primarily,  due  to  the 
cohesive  forces  between  the  molecules  of  the  molasses,  this 
beine  their  reaction  to  the  physical  passage  of  the  dough  hook 
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tlirough  tham.  Once  the  reaction  of  the  cohesive  forces  has 
been  overcome,  the  Initial  rise  in  the  curve  Is  followed  by  a 
gradual  decline  in  the  curve  picturing  plastic  flow  as  the 
strand  becomes  thinner  with  elongation.   If  the  strand  exhibited 
perfect  plastic  flow,  there  would  be  no  elastic  deformation  (the 
forco  value  could  be  sero)  shortly  before  the  strand  parted.  An 
example  exhibiting  predominant  elastic  deformation  Is  a  rubber 
band,  while  flour  shows  slightly  predominant  plastic  flow 
properties,  with  a  well  developed  dough  having  higher  elastic 
deformation  properties  than  a  slack  dough. 

The  component  primarily  responsible  for  elastio  deformation 
and  plastic  flow  in  flour  is  the  protein,  with  starch  playing 
a  minor,  but  not  insignificant  role.  All  protein  change  may, 
in  a  sens),  be  considered  denaturation,  if  denaturation  be  de- 
fined as  a  change  in  the  structure  of  a  native  protein  whloh 
involves  the  spatial  arrangement  of  the  peptide  chain  without 
breaking  the  chain  itself.  Various  degrees  of  such  changes 
are  feasible,  from  the  disarrangement  of  a  few  amino  acids  to 
a  complete  unfolding  of  the  chain.  This  (denaturation  in  the 
proper  senso)  is  apparently  preceded  by  the  breaking  of  hydrogen 
bonds  or  salt  linkages  (and  possibly  of  disulfide  bridges)  be- 
tween the  side  ohains  of  the  peptide  backbone.  These  primary 
alterations  cause,  or  at  least  facilitate,  the  disarrangement 
of  the  peptide  chain.  There  is  no  longer  any  doubt  that  de- 
naturation aa  defined  above  can  be  reversed,  though  It  has  not 
been  proved  that  a  octmplstely  unfolded  peptide  chain  can  be 
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rearranged  to  form  the  native  protein. 

Two  types  of  linkage  are  present  in  a  native  protein  In 
addition  to  the  peptide  linkage,  those  which  may  be  ruptured 
by  pH  change  alone  such  as  salt  linkages ,  and  those  linkages 
which  require  reduction  for  their  rupture.  The  rupture  cf  the 
latter  linkage  may  be  facilitated  by  changes  In  pH  which  In 
themselves  are  unable  to  bring  it  about.   In  this  work  ruptures 
due  to  changes  In  pH  wore  effected  by  the  use  of  hydrochloric 
acid,  acetic  acid  and  ammonium  hydroxide.  Reduction  was  dene 
by  storing  the  flour  under  on  atmos;>hare  of  hydrogen  sulfide. 

The  addition  of  water  to  a  flour  acts  on  the  protein  and 
the  starch  In  different  manners.  It  prepares  the  protein  so 
that  elastic  deformation  may  take  place  bv  forming  weak  cross 
linkages  between  protein  molecules  and  thus  facilitate  their 
ability  to  unfold*  It  also  uncoils  the  starch  molecules  of  the 
ruptured  cells  and  reduoes  the  cohesive  forces  binding  them 
thus  facilitating  plastic  flow. 

The  chemical  bonds  between  protein  and  staroh  are  quite 
weak  and  in  an  unfermented  dough  the  cohesive  forces  between 
protein  and  starch  are  primarily  physical.  So  with  sub- 
optimum  absorption,  elastic  deformation  forces  are  at  work, 
while  with  above  optimum  absorption  exaggerated  plastic  flow 
properties  are  present.  This  work  shows  that  when  absorption 
is  aub-optlmum»  tho  force  value  is  abnormally  large,  the  exten- 
sibility value  abnormally  short  with  E©  larger  than  E,    (forming 
extensogram  peak  reversale),  and  the  area  value  larger  than  the 
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area  value  of  a  dough  having  optimum  abaorptioa.  With  optimum 
absorption,  altlv      values  are  larger  than  F  values,  the 
difference  Is  not  as  creat  g^a  dependa  upon  the  protein  content 
and  quality  of  the  flour,  Ej_  Is  larger  than  E^,   and  area  values 
are  :naximurr..  When  absorption  Is  above  optimum,  foroe  values 
are  abnormally  small,  extensibility  values  abnormally  large, 
with  E-^  much  larger  than  Eg,  and  area  values  smaller  than  area 
values  of  a  dough  having  optimum  absorption. 

After  the  inertia  of  the  extenscgraph  has  been  overcome, 
tliore  is  an  initial  immediate  rise  in  the  extonaogram  curve  which 
is  the  reflection  of  the  force  needed  to  overcome  cohesivo  forces 
within  the  resting,  dough  before  appreciable  stretching  can  begin. 
The  extent  of  this  initial  rise  Is  dependent  upon  the  extenso- 
graph used,  the  flour  employed,  ar.d  the  treatment  the  flour  and 
the  dough  have  received.  The  variables  Inherent  in  the  extenso- 
graph are  the  inertia  of  ktaaj  mochanism,  the  setting  of  the 
instrument,  and  the  velocities  of  the  graph  paper  and  of  the 
dough  hook.  Stretching  results  in  unfolding  and  extension  of 
the  three  dimonsional  network  of  the  fibrillar  molecules  of  the 
protoin  complex.  The  elastic  limit  is  probably  exceeded  at 
various  parts  distributed  at  random  throughout  the  dough,  and 
the  cohesivo  forces  between  certain  molecules  are  broken  as 
pictured  by  the  extenaogram  aa  a  continued  riae  in  the  curve. 
Accompanying  this  process  of  elastic  deformation  thero  is  also 
simultaneous  plastic  flow  which  al3o  affects  the  shape  of  the 
curve.  After  the  elastic  limit  of  the  dough  has  been  reached, 
plastic  flow  alone  continues  and  the  curve  tends  to  fall.  If 
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the  speed  of  the  dou^h  hook  exceeds  the  plastic  flow  of  the 
dough,  as  It  does  with  all  doughs  except  those  having  undergone 
severe  reduction  such  as  the  action  of  hydrogen  sulfide,  the 
tensile  strength  of  the  dough  strands  is  exceeded  and  the  curve 
begins  to  drop  rapidly. 

It  was  found  that  farincc:rama  and  extensograms  are  influ- 
enced by  the  pressure  of  the  gas  used  in  the  mixing  atmosphere. 
Farinograms  and  oxtensogranis  of  doughs  mixed  in  oxygen  and  ni- 
trogen when  the  gas  pressure  waa  below  10  mm  were  practically 
identical  with  those  mixed  in  airj  however,  with  a  pressure  of 
S5  mm,  H  and  P  values  were  larger  when  mixed  in  oxygen  and  small- 
er when  mixed  in  nitrogen  than  when  mixed  in  air.  It  is  be- 
lieved that  the  low  pressure  was  not  sufficient  to  wash  out  the 
occluded  air  and  replace  it  with  either  oxygen  or  nitrogen  bo- 
fore  the  contaminant  was  incorporated  into  the  dough. 

Heating  atmosphere  different  than  mixing  atmosphere  had 
little  effect  upon  F  and  E  values,  with  reference  to  tho  mixing 
atmosphere,  however,  an  increase  in  oxygen  in  the  resting  at- 
mosphere caused  increases  in  F  values  and  decreases  in  E  values 
greater  in  magnitude  than  differences  between  duplicate  mixes. 
Oxygen  is  absorbed  at  the  dough  surface  and  then  enters  into 
the  protein  molecular  structure. 

Farinogram  and  extensogram  values  of  doughs  mixed  under 
hydrogen  were  quite  similar, to  those  mixed  under  nitrogen.  Thus 
molecular  hydrogen  is  not  aotlve  as  a  reducing  agent  in  doughs. 

All  extensoc ram  force  values  increased,  extensibility 
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values  decreased,  and  area  values  Increased  with  storage,  oxy- 
gen In  the  storage  atmosphere,  storage  temperature  at  60°  p. 
Instead  of  50-60  P.,  and  oxygen  In  tho  mixing  atmosphere  when 
these  variables  were  analysed  both  singly  and  in  progressive 
combination  as  summarised  in  Table  40*  This  means  they  are 
dough  "stlffeners",  since  they  incroased  extensogram  area,  but 
they  are  not  dough  "developers"  slnco  they  did  not  increase 
extensibility  values.   As  used  in  this  work  dough  "developers" 
increase  all  three  primary  extensogram  characteristics-- force, 
extensibility,  and  area—while  dout;h  "stlffeners"  merely  In- 
crease force  values,  and  although  they  usually  increase  area 
values  this  neod  not  noce3sarily  occur.  Sodium  chloride  was 
found  to  be  a  true  dough  "developer",  since  in  the  sodium 
chloride  and  the  potassium  bromate  studies  salt  incroased  ex- 
tensogram force,  extensibility,  and  area  values.   Potassium 
bromate  for  the  levels  used  in  unfermented  doughs  was  found 
to  be  merely  a  dough  "stiffener"  since  with  its  addition  only 
force  and  area  values  increased. 

Periodically  changing  the  storage  atmosphere  increased  the 
foroe  values  In  rolation  to  tho  behavior  of  the  respective 
parent  flour.  This  effect  on  force  values  of  nitrogen  stored 
flour  was  greater  than  for  flour  stored  under  oxygen.  Tha  mix- 
ing atmosphere  had  no  influence  on  this  relationship.   • xten- 
slbility  values  were  Influenced  differently  by  the  periodic 
changing  of  the  storage  atmosphere.  The  changing  of  the  nitrogen 
atmosphere  eaused  a  decrease  in  extensibility  values  relative  to 
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Table  40.  Summary  of  tho  effect  of  oontrolle 
storago  study  upon  farinogram  and 
characteristics. 

A   variables  in 
extensograra 

i  the 
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: 

Ofcai  to  l*r 

•1 ' 

cs 
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:  H  :  ■  :  Il/lYs 
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1 

d 

i 

1 
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i 

Oxygen  In  the  mixing;  atmosphere 

1 

1 

1 

1 

d 

1 

Oxygen  In  the  storage  atmosphere 

d 

d 

d 

i 

d 

1 

Storage  at  80°  f.  Instead  of 
60-60°  P. 

1 

1 

0 

1 

d 

1 

Increased  storage  time  and  oxygen 
in  the  mlxln;  atmosphor 

1 

0 

1 

1 

d 

1 

Increased  storage  time  and  storage 
at  00°  p.  Instead  of  50-60°  P. 

i 

i 

1 

1 

d 

i 

Increased  storage  time  and  oxygen 
in  the  storage  atmosphere 

0 

0 

0 

1 

d 

1 

Oxygen  in  the  mixing  atmosphere  and 
storage  at  80°  F.  instead  of 
50-60°  F. 

1 

1 

i 

i 

d 

1 

Oxygen  in  the  mixing  atmosphere  and 
oxygen  in  the  storage  atmosphere 

1 

o 

1 

1 

d 

i 

Increased  storage  time,  oxygen  in 
the  mixing  atmosphere  and  storage 
at  80°  T .  instead  of  50-60°  F. 

1 

d 

1 

i 

d 

1 

Increased  storage  time,  oxygen  In 
the  mixing  atmosphere  and  oxygen 
in  the  storage  atraoaphero 

i 

d 

1 

i 

d 

1 

Data  derived  from  Tables  A,  B,  C, 
and  Tables  5,  6,  7,  and  8  in  the 
Results. 

D,  and  E  in  the  Appendix, 
section  on  Experimental 
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the  parent  flour*  while  the  changing  of  oxygen  atmosphere  caused 
an  increase  in  extensibility  values  in  relation  to  the  parent 
flour.  Area  values  of  "02  changed"  flour  were  higher  than  area 
values  of  "0o"  flourt  while  area  values  of  "Ng  changed"  and 
"Hg"  flour  were  of  the  same  order  of  magnitude. 

Whan  the  effects  of  ths  variables}  tlrao,  storage,  tempera- 
turo,  storage  atmosphere,  and  mixing  atmosphere  were  compared 
siivly  and  then  in  progressive  combination,  the  two  stretches 
occasionally  behaved  differently  as  did  duplicates  of  the  asm* 
stretch. 

This  difference  in  behavior  of  stretohes  and  duplicates 
of  the  same  stretch  is  defined  in  this  work  as  sequence.  Spread 
is  defined  as  the  difference  between  replicates.  Prom  analysis 
of  the  data,  when  trends  in  sequence  and  spread  occur;  it  can 
be  seen  that  these  trends  are  due  to  changes  in  the  dough 
caused  by  controlled  treatment  rather  than  by  experimental 
error. 

The  mixing  atmosphere  cxeatly  Influenced  the  sequence  of 
the  stretohes  and  duplicates  of  the  stretches.  To  a  lesser 
extent  sequence  was  also  more  apparent  with  the  flour  stored  at 
80  I',  than  with  the  flours  stored  at  50-60  F.   There  was  no 
apparent  sequence  caused  by  storage  or  storage  atmosphere. 

Greatest  spread  between  replicates  was  oaused  by  oxygen  in 
the  mixing  atmosphore,  and  the  higher  storage  temperature,  80°  F. 
over  the  flour  stored  at  50-60°  P. 

All  the  variables  of  the  storage  study  had  similar  effects 
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upon  extensograms |  however,  such  was  not  the  ease  with  farino- 
graras  as  la  seon  by  the  summary  given  in  Table  40.  One  of  the 
more  striking  differences  is  the  different  effects  on  farlno- 
grama  of  oxyjen  In  the  mlxln  atmosphere  and  In  the  storage  at- 
mosphere • 

Oxygen  in  the  storace  atmosphere  decreased  all  farinograms, 
while  oxygen  in  the  mixinr  atmosphere  increased  all  farinograma* 
All  the  remaining  variables  both  singly  and  in  combination  either 
increased  or  instigated  no  change  in  farlnogram  values,  with  the 
exception  of  storage  time  whose  farino  ram  width  value  decreased* 
This  latter  was  a  dominant  variable  for  its  Influence  was 
carried  over  in  Instances  where  It  was  in  combination  with  other 
variables. 

Sedimentation  values  of  all  the  stored  flours  Increased 
with  storage  time.  Specific  sedimentation  (sedimentation  value 
divided  by  protein  percentage)  has  been  found  to  be  a  useful 
measure  of  gluten  quality  (32);  specific  sedimentation  values 
increasing  with  lncreaaed  specific  loaf  volume  values.   In 
light  of  the  results  obtained  in  this  study  it  appears  that 
gluten  quality  Improves  with  age.  Throughout  the  storage 
period  tho  values  for  "Ng"  flour  were  highest,  and  then  HB"» 
n0o"»  ani  "A"  flour  in  decreasing  order. 

In  the  sedimentation  study,  the  rates  of  increaso  after 
6-7  months'  storage  were  less  for  "D"  and  "Og"  flour  and  nil 
for  "A"  flour.   "Ngn  flour  increase  did  not  begin  to  taper  off 
until  after  200  days'  storage.  "Og"  flour  values  revealed  a 
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plateau  after  approximately  200  days  of  storage.  This  means 
that  after  these  storage  times  for  the  particular  flour  used 
further  storage  no  longer  Improved  gluten  quality. 

With  the  flour  stored  in  cans  at  80  F.  ("A"  flour),  sedi- 
mentation values  decreased  with  storage  up  to  about  60  days  after 
which  they  increased  with  acceleration  until  about  120  days  when 
a  taperlnr  off  began  which  ended  in  a  plateau  after  200  days' 
storage. 

Photometric  protein  values  of  all  the  stored  flours  increased 
with  storage  time.  After  S  to  4  months'  storage,  the  values  for 
"A"  flour  were  largest,  followed  by  those  of  "Og"  flour,  and  then 
"B"  flour,  with  "Ng"  flour  photometric  protein  values  being  the 
smallest.  Prior  to  3  months'  storage,  MA"  and  "B"  flour  values 
were  proportionally  larger  than  "Og"  and  "Ng"  values  than  they 
were  after  3  months'  storage.   In  addition,  prior  to  3  months' 
study,  "3"  flour  values  were  larger  than  "A",  ana  "Ng"  values 
were  larger  than  "Og"  values.  Zeleny  (31)  found  photometric 
protein  values  to  be  a  useful  measure  of  gluten  quality.  In 
light  of  the  results  obtained  in  this  study,  it  appears  that 
gluten  quality  improves  with  age. 

With  the  photometric  protein  study,  Increase  in  "A"  values 
tapered  off  sharply  after  100  days'  storage,  "Og"  and  "B"  flour 
values  readied  plateaus  after  140  days,  and  "H_"  valuos  showed 
almost  no  increase  after  160  days'  storage.  Thus  after  those 
storage  times  further  storage  no  longer  improved  gluton  quality. 

No  differences  between  the  spread  of  duplicate  determine- 
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tions  wore  apparent  for  both  sedimentation  and  photometric 
protein  values  with  the  exception  of  "A"  flour  sedimentation 
values  of  which  the  differences  between  duplicates  Increased 
with  storage  time. 

Storage  time  increased  sedimentation  values*  photometric 
protein  values*  extensogram  force  and  area  values ,  and  farin- 
ogram  heights  and  the  H/W  relationship  which  moans  that  they 
all  may  be  used  as  an  index  of  the  development  In  protein  qual- 
ity due  to  storage. 

Sodium  chloride  depressed  farlnogram  heights  and  widths 
as  witnessed  by  Figs.  25-29  of  Mate  I  and  the  summary  data  in 
Table  42.  The  tt/n   relationship  was  lowest  with  5  percent  NaCl 
and  highest  with  15  peroent  NaCl.  All  extensogram  force  values 
increased  as  percentage  of  NaCl  increased  until  maximums  were 
reached  with  10  percent  salt,  thon  with  15  percent  NaCl  force 
values  decreased  as  seen  from  Figa.  30-36  of  Plate  I.  All  E 
values  Increased  with  increase  of  NaCl  until  maximums  were 
reached  with  5  percent  :;aCl»  then  they  deoreased.  All  area 
values  readied  a  maximum  with  10  percent  salt  and  then  de- 
creased. Thus  extenso.^ram  F,  I  and  I  values  reveal  a  salt  ef- 
fect which  farinograph  H  and  v;  values  do  not  reveal,  but  which 
the  shape  of  the  farlnocram  curve  does,  as  witnossed  by  Figs. 
28  and  35  of  Plate  I.   In  other  words,  the  doughs  with  hori- 
zontal farinograms  give  extensograma  with  approach  maximum 
elastic  and  plastic  deformation  and  optimum  dough  development. 
In  the  study  maximum  plastic  deformation  was  obtained  with  10 
percent  salt  and  maximum  plastic  deformation  wa3  obtained  with 
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5  percent  salt.  If  extensogram  area  is  taken  as  a  criterion 
of  douch  development,  then  optimum  dough  development  was  ob- 
tained with  10  percent  salt.  It  may  be  that  Initially  aftor 
milling  each  flour  has  its  optimum  HaCI  concentration  giving 
horizontal  farlno grams  and  that  this  concentration  may  change 
with  storage,  thu3  serving  as  an  index  of  flour  maturity. 

All  farinogram  values  in  the  sodium  chloride  study  had 
instances  when  increase  In  salt  concentration  did  not  alter 
farinogram  values;  thus  height  values  remained  the  same  for  2 
and  3  percent  salt,  width  values  stayed  constant  fcr  2,  3,  and 
5  percent  salt,  and  tho  H/W  relationship  remained  constant  for 
2  and  3  percent  salt.  It  may  be  that  this  plateau,  where  in- 
creased salt  effects  no  change  in  farinogram  characteristics, 
may  be  related  to  flour  strength.  The  duration  of  the  plateau, 
as  measured  by  the  different  concentrations  in  KaCl  when  no 
change  in  the  farinogram  curve  was  evident,  would  thus  be  an 
index  of  flour  strength. 

In  the  salt  s  tudy  tho  sequence  of  force  values  of  dupli- 
cate doughs  was  that  all  Fb  values  were  larger  than  or  equal 
to  Pa  values,  ar.d  with  second  stretch  force  values  having  salt 
concentration  between  5-10  percent  the  opposite  was  true,  Faa 
values  being  larger  than  Fbb.  This  sequence  was  the  same  as 
that  in  tho  storage  study.  Above  and  below  the  optimum  salt 
range,  Fbb  values  were  larger  than  Faa  values.  All  Eb  values 
were  larger  than  Ka  values  except  for  tho  extremes  of  salt  con- 
centration, 0  and  15  percent,  when  Ea  was  larger  than  Eb.  All 
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Eaa  values  were  larger  than  Ebb  values  with  the  exception  of 
10  percent  salt,  where  Ebb  was  the  larger.   In  comparing  with 
the  storage  study,  it  la  seen  that  for  first  stretch  E  values 
sequence  was  the  same  for  nitrogen  mixes  and  optimum  poroent 
salt,  while  doughs  with  extremes  in  salt  concentration  had  the 
same  sequence  as  oxygen  and  air  mixed  doughs. 

The  sequence  of  area  values  of  duplicate  doughs  in  the  salt 
study  was  that  Aa  values  were  higher  than  Ab  values  for  3,  5,  and 
10  percent  salt  arsd  lower  for  the  extremes,  0,  1,  and  15  percent. 
All  Aaa  values  were  larger  than  Abb  values,  but  significantly 
Binaller  differences  were  found  with  the  0  orr!  15  percent  salt 
concentrations. 

In  the  salt  study  the  differences  between  P  first  stretch 
and  F  second  stretch  values  increased  in  magnitude  with  increas- 
ing NaCl  concentration.  All  Pea  values  were  larger  than  Pa 
values.  All  Pbb  values  were  larger  than  Pb  values  except  for 
0  and  1  percent  MaCl.  All  F.  second  stretch  values  were  larger 
than  E  first  otretch  values  with  the  exception  of  the  second 
stretch  having  0  percent  Sad  which  had  a  higher  value.  All 
second  stretch  area  values  were  larger  than  Aa  and  Ab  values 
with  the  exception  of  0  and  1  percent  Ab  values  which  wore 
larger.  The  differences  between  area  first  stretch  and  area 
second  stretch  values  increased  in  magnitude  with  increasing 
salt  concentration. 

The  addition  of  salt  effected  no  change  In  the  pH  of  the 
doughs. 
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The  effects  of  salt,  potassium  bromate  ar.d  oxygen  in  tlie 
mixing  atmosphere  on  farinograms  are  summarised  in  Table  42  and 
Illustrated  with  typical  farinograma  obtained  in  the  study  by 
Plate  II.  Kith  farlnogram  H  values,  salt  and  oxygen  In  the  mix- 
ins  atmosphere  are  oppooinr  forces  with  tins  oxygen  effect  being 
the  more  powerful  of  the  two.  Kith  farlnogram  V,  values,  salt 
and  oxygen  aro  again  opposing  forces,  but  in  this  instance  the 
salt  effect  is  predominant;  the  sane  holds  true  for  the  H/w  re- 
lationship. 

Oxyeen  and  KBrO*  have  opposin.  effects  on  farlnogram 
heights;  increased  oxygen  content  of  the  mixing  atmosphere  in- 
creases farlnogram  heights  while  increasing  amounts  of  KBrOg 
deoreaae  them.  The  effect  of  bromate  was  oomplately  masked 
when  the  dough  was  mixed  under  oxyjcn,  but  the  concentrations 
of  bromato  usod  wero  not  high  enough  to  mask  the  effect  pro- 
duced by  mining  in  different  atmospheres.  The  opposing  forces 
cancelled  differences  in  W  ar.d  h/w  values. 

The  combined  effect  of  salt  and  bromate  is  intimately 
connected  with  the  mixing  atmosphere  when  farinogram  heights 
are  concerned.  In  order  to  consider  the  combined  effect  of 
salt  and  bromate,  the  mixing  atmosphere  must  be  either  elimi- 
nated or  neutralized.   Tho  former  being  impossible,  nitrogen 
atmosphere  wus  considered  the  most  "neutral" ,  and  it  was  with 
these  mixes  that  conclusions  concerning  the  effect  of  salt  and 
bromato  wore  drawn.   In  a  nitrogen  atmosphero,  there  was  a 
synergeatic  effect  between  salt  and  bromate  on  farlnogram 
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heights.  Mixing  In  a2  r  and  oxygen  masked  this  synergism  be- 
oause  of  their  overpowering  effect.  Thua  it  is  seen  that  the 
selection  of  the  miring  atmosphere  can  be  of  prime  importance, 
and  if  this  is  not  taken  into  consideration,  effoct.i  may  be 
masked  and,  consequently,  be  considered  absent,  or  erroneous 
conclusions  may  bo  drawn  from  the  data  obtained.  Sen*  previous 
data  in  the  literature  nay  also  be  profitably  relnterrupted  in 
t  of  the  above. 

The  differences  between  ff  and  H/»  values  were  not  large 
enough  to  illustrate  any  oombined  effect  of  salt  and  bromato. 

With  lncroased  SaCl,  increased  KBrOg  and  chance  in  the 
mixing  atmosphere  from  "neutral"  to  one  rlth  oxygen,  farinogram 
E  values  decreased  then  Incraasod,  T.   values  increased  then  de- 
creased, and  Ti/N   values  decraased  then  increased.  Since  oxygen 
was  an  opposing  foroe  to  the  action  of  salt  and  bromate,  from 
the  results  of  tho  combined  effect,  the  conclusions  are  drawn 
that  with  H  and  e/v   values  oxygen  in  the  mixing  atmosphere  is 
the  stronger  force,  nrhlle  with  T.   values  salt  and  bromate  wore 
the  dominant  factors. 

The  effects  of  salt,  potassium  bromate  and  oxygen  In  the 
nixing  atmosphere  on  extensograms  are  summarised  in  Table  42  and 
the  effects  of  potassium  bronato  and  oxygen  in  the  raixin,  atmos- 
phere are  illustrated  with  typical  extensograms  obtained  La  the 
study  by  Flate  III.  Tho  effect  of  salt  on  extensogram  in  the 
Potassium  ".rotate  Study  was  the  sane  as  that  found  previously 
In  the  Sodium  Chloride  Study.  All  extensogram  values  Increased 
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until  optimum  concentrations  of  a alb  had  been  reached  after 
which  further  Increase  in  salt  concentration  decreased  exten- 

raa  values,  oxygen  in  the  mixing  atmosphere  In  tho  Potassium 
Broaate  Study  alTocted  exlensograris  the  sane  as  it  had  the 
storage  Study.  Forco  valuea  lncreasedi  extensibility  values 
docreased,  and  area  values  increased  with  increase  in  oxygen  in 
the  mixing  atmosphere. 

Oxygon  In  tho  mix  in;  atmosphere  masltod  tremendously  the 
effect  of  salt  on  f^rce  values;  e.g.,  10  percent  JlaCl  increased 
force  values  approximately  eight  fold  when  mixed  under  nitro- 
gen, three  fold  when  mixed  under  air,  while  they  were  only 
doubled  when  mixed  under  oxygon.  This  effect  also  held  true 
for  area  and  extensibility  valuos  although  tha  magnitude  was 
not  as  large,  being  but  faintly  evident  in  the  case  of  exten- 
sibility. From  this,  the  importance  of  mixing  atmosphere  is 
evident.  It  is  seen  that  certain  effects  oan  be  either  raasked 
or  brought  out  by  differences  in  oxygen  content  in  the  mixing 
atmosphere.  If  this  fact  is  not  taken  into  consideration,  the 
results  of  data  obtained  may  be  mlsintorrupted  or  erroneous* 

Oxygen  in  the  mixing  atmosphere  masked  to  a  great  extent 
the  effect  of  bromato  on  iorco  values;  e.g.,  30  mg  of  bromat# 
increased  p  valueB  approximately  12  fold  wlien  mixed  under 
nitrogen,  three  fold  when  mixed  under  air,  while  thoy  were  only 
doubled  when  mixed  under  oxygen.  This  effect  also  held  true 
for  area  values  although  the  magnitudes  were  not  as  great. 
.1  extensibility  values  increase  in  bromate  decreased  oxton- 
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■lbllity  values ,  and  doughs  mixed  under  nitrogen  showed  a  great- 
er decrease  In  extensibility  than  did  those  mixed  under  air, 
and  those  mixed  in  air  gave  more  of  a  decrease  than  did  those 
mixed  under  oxygen* 

Oxygen  in  the  mixing  atmosphere  lowered  the  porcentago  of 
salt  needed  to  give  maximum  oxtensogram  values .   It  also  lowered 
the  percentage  of  bromate  needed  to  give  maximum  values  of  F, 
A^  and  A  values;  however,  it  Increased  the  percentage  of  bromate 
necessary  to  give  maximums  for  E.»  E  and  E^  values.  This  latter 
is  In  decided  contrast  with  the  salt  effect* 

Force  values  Increased  with  increased  sail  and  bromate  un- 
til the  influence  of  excess  salt  which  lowered  force  values 
was  greater  than  Increased  bromate  which  increased  force  values, 
after  which  force  values  became  smaller  but  not  as  small  as 
zero  percent  salt  -  aero  percent  bromate  force  values,  thus 
showing  the  continued  dough  stiffening  effect  of  bromate  oven 
though  It  was  masked  by  excess  NaCl.  Area  values  were  influ- 
enced similarly  by  increased  salt  and  bromate  when  mixing  at- 
mosphere had  no  deciding  influence. 

With  oxycon  mixes,  increased  bromato  resulted  in  Increased 
F  values  when  the  concentrations  of  NaCl  remained  the  same  ex- 
cept with  instances  of  excess  NaCl;  i.e.,  when  NaCl  no  longer 
acted  as  a  dough  developer  and  Increased  F  values  as  was  the 
oasa  with  15  percent  salt,  which  resulted  in  lower  F  values. 
The  same  held  true  with  air  and  nitrogen  mixes  with  the  excep- 
tion that  nitrogen  mix  F  values  continued  to  Increase  as  the 


^^m 


bromate  increased  even  with  15  percent  IlaCl.  The  magnitude  of 
increase  in  P  values  continued  to  increase  as  the  bromate  in- 
creased even  with  15  percent  HaCl.  The  magnitude  of  increase 
in  F  values  was  largest  for  doughs  mixed  under-  nitrogen, 
smallest  for  those  mixed  under  oxygen,  and  intermediate  for 
those  mixed  in  air. 

En  values  generally  decreased  with  increase  in  bromate  when 
the  concentrations  of  salt  romalned  the  same  for  oxygen  and  air 
mixes.  For  doughs  mixed  in  nitrogen,  E*  values  decreased  with 
Increase  in  bromate  when  the  concentrations  of  salt  remained 
the  same  with  the  exception  of  the  set  with  15  percent  salt 
where  increase  In  bromate  caused  an  increase  in  K^  values.  The 
magnitude  of  decrease  in  K.   values  was  greatest  for  doughs 
mixed  under  nitrogen,  smallest  for  those  mixed  under  oxygen, 
and  intermediate  for  those  mixed  in  air. 

For  air  and  nitrogen  mixes  with  increase  in  bromate  when 
the  concentrations  of  salt  romalned  the  same,  E  and  E*  values 
generally  decreased,  while  A.  and  A  values  increased  with  0, 
1,  and  5  percent  salt  and  generally  decreased  with  10  and  15 
porcent  NaCl. 

Increased  salt  in  the  Bromate  Study  caused  F  value  dough 
stretch  differences  to  become  more  negatively  pronounced;  i.e., 
second  stretoh  F  values  beeome  progressively  larger  than  first 
stretch  F  values.  Ej»  E  and  Et  stretch  difference  values  became 
more  positively  pronounced  with  increased  salt  until  maximums 
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wore  reached  after  which  Increased  salt  resulted  In  leas  pos- 
itively pronounced  or  even  increased  negatively  pronounced 
values.  A-i  and  A  values  beoane  tremendously  more  negatively 
pronounced. 

Increased  bromato  resulted  in  P  stretch  difference  values 
becomelng  more  negatively  pronouncedf  and  with  E» ,  E  and  E* 
values  becomint,  more  positively  pronounced.  Although  mixing 
atmosphere  greatly  influenced  A-,  and  A  stretch  difference 
values i  Generally  increased  bromate  produced  difference  values 
more  positively  pronounced  when  mlxlnr.  atmosphere  was  dis- 
regarded. 

In  tha  bromato  study  increased  oxygen  in  the  mixing  at- 
mosphere caused  F  value  dough  stretch  differences  to  become 
more  negatively  pronounced  and  Ej,  E  and  E*  values  to  become 
more  positively  pronounced.  A.,  and  A  values  dramatically 
inoraased  negatively,  the  Increase  being  over  thirty  fold. 

Although,  singly,  Increased  salt,  bromate,  and  oxygen 
caused  F  value  dough  duplicate  differences  to  increase,  the 
combined  effect  was  much  less  pronounced.  The  combined  ef- 
fect of  oxygen,  salt,  and  bromate  reduced  duplicate  dJTerenoe 
Ej»  E  and  E^  values.  There  was  a  tendency  for  A.  and  A  value 
differences  between  duplicates  to  decrease  with  increased  bro- 
mate, salt,  and  oxygen;  also,  increased  oxygen  tended  to  make 
this  difference  a  positive  rather  than  a  negative  value;  i.e., 
for  first  duplicate  values  to  be  larger  than  second  duplicate 
valuos . 
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Table  41.  Summary  of  the  effect  of  the  controlled  variables  In 
the  potassium  bromate  study  upon  forlnocraia  and 
extensogram  characteristics. 


Variables 


:  F/E  values   t  Oxynumbers 
J • 


Increase  in  sodium  chloride  1  then  d      1  then  d 

Increase  In  potassium  bromate  1  d 

Oxygen  In  the  mixing  atmosphere  i  d 

Increase  in  sodium  chloride  and 

oxygen  in  the  mixing  atmosphere       1  then  d      1  then  d 

Increase  in  potassium  bromate  and 

oxygen  in  the  mixing  atmosphere  i  d 

Increase  in  sodium  chloride  and 

potassium  bromate  1  d 

Incroase  in  sodium  chloride  and 
potassium  bromate  and  oxygen  in 
the  mixing  atmosphero  1  then  d      i  then  d 


The  effects  of  salt,  potassium  bromate  and  oxygen  in  the 
mixing  atmosphere  on  f/e  values  and  oxynumbers  are  summarized 
In  Table  41.  From  Table  41  it  will  be  seen  that  the  different 
variables  both  singly  and  In  combination  affect  f/e  values  and 
oxynumbers  similarly  with  the  exception  of  increase  in  bromate, 
oxygen  in  the  mixing  atmosphere,  increase  in  bromate  and  oxygen 
In  the  mixing  atmosphere,  and  Increase  in  salt  and  bromate 
where  the  bromate  effect  was  stronger. 

Farinogrom  heights,  widths,  and  n/v   values  increased  with 

0 

ball  milling  as  recorded  in  summary  Table  48.  Oxygen  in  the 
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mixing  atmosphere  in  both  the  storage  study  and  the  potassium 
bromate  study  also  caused  all  farlnogram  values  to  increase* 
No  other  variables  in  the  storage  or  the  potassium  bromate 
studies  caused  all  farinocram  values  to  Increase.   In  the  case 
of  ball  milling  the  changes  noticed  are  probably  associated 
with  fracturing  of  starch  granules  causing  them  to  bind  water 
more  strongly*  The  oxygen  effect  on  the  other  hand  probably 
involves  formation  of  additional  cross  linkages  in  the  protein 
struoture  thu3  conferring  added  rigidity  to  the  system. 

In  this  study  ball  mlllln£  greatly  affected  the  minimum 
mobility,  showing  that  fundamentally  optimum  absorption  is  at 
least  equally  dependent  upon  starch  as  it  is  upon  protein,  if 
not  more  so.  It  is  only  due  to  the  fact  that  the  differences 
between  milling  severities  are  not  great  enough  to  dramatically 
illustrate  this  as  does  ball  milling* 

All  e*tensogram  force  and  area  values  increased,  and  all 
extensibility  values  decreased  with  ball  milling,  as  recorded 
in  summary  Table  42  and  illustrated  by  Figs*  1-12  in  Plate  I* 

All  second  stretch  force  values  anJ  all  second  stretch 
area  values  were  larger  than  first  stretoh  values  with  the  ex- 
ception of  48  hour  ball  milled  area  values  where  the  opposite  was 
true,  first  stretoh  values  being  larger  than  second  stretoh 
values.  All  first  stretch  E,»  Eg.  E,  and  E*.  values  were  larger 
than  their  respective  second  stretch  values. 

Although  the  extent  and  severity  of  ball  milling  in  this 
study  was  not  enough  to  cause  extensogram  peak  reversals.  48 
hours  of  ball  milling  effected  near  reversals. 
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Ball  milling  did  not  change  either  sedimentation  or  photo- 
metric protein  values.  This  is  further  evidence  that  ball 
milling  acts  primarily  upon  staroh,  rupturing  the  granules 
and  breaking  the  starch  chains. 

Mixing  with  the  Hobart-swanson  mixer  revealed  the  effects 
of  storage  time,  storage  tempera turo#  and  storage  atmosphore  on 
extensorraras  in  the  same  manner  as  did  mixing  in  the  farino- 
graph. Mixing  in  the  Hobart-cwanaon  mixer  also  revealed  the 
effects  of  agenization  and  storage  under  hydrogen  sulfide  in 
the  same  manner  as  these  effects  were  revealed  by  mixing  in  the 
farinograph.  Thus  farinograph  and  Hobart-Swanson  mining  are 
similar  when  one  compares  the  extensograph  properties  of  doughs 
when  mixed  with  both. 

Extensograra  force  and  area  values  increased  with  increased 
concentrations  of  hydrochlorio  acid  until  optimum  concentration! 
of  acid  were  reached  after  which  further  Increase  in  acid  con- 
centration caused  force  and  area  value  decreases,  as  recorded 
in  Table  42  and  illustrated  by  the  figures  of  Plate  IV.  On 
the  other  hand  extenaogram  extensibility  values  decreased  with 
increased  concentratlona  of  acid  until  the  critical  concentration 
was  reached;  relative  plateaus  in  extensibility  values  then 
ensued  with  further  increase  in  acid  normality. 

Extensogram  peak  reversals  (curve  slope  reversals)  were 
effected  by  hydrochloric  aoid.   It  i3  believed  that  each  flour 
has  its  specific  concentration  of  aciu  where  peak  reversals 
will  occur. 
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First  duplicate-first  stretch  extensogram  force  values 
increased  with  increased  concentration  of  acetic  acid  in  the 
mixes,  as  illustrated  by  Figs.  13-22  of  Plate  I,  even  until  the 
doughs  became  so  sticky  they  oould  not  be  molded,  and,  conse- 
quently, no  more  stretches  oould  be  taken.  This  means  that 
although  plastic  flow  had  greatly  increased  thero  was  also  an 
increase  in  elastic  deformation  which  resulted  in  extensibility 
values  being  smaller.  The  other  force  values  were  not  appre- 
ciably changed  by  the  addition  of  acetic  acid.   It  is  believed 
that  acetic  acid  denatures  the  gluten  protein  more  severely 
than  doe3  hydrochloric  acid,  and  it  may  possibly  affect  the 
starch  as  well. 

Extensogram  extensibility  and  area  values  decreased  with 
increased  acetic  acid  concentration. 

Extensogram  slope  reversals  became  more  evident  as  the 
acetic  acid  concentration  increased  until  maximums  wero  reached 
after  which  the  curve  slope  rapidly  approached  "normal"  again 
with  further  Increase  in  acetic  acid. 

All  extensogram  values  greatly  increased  with  the  inclusion 
of  2  percent  salt  alonr,  with  acetic  acid,  which  was  in  decided 
contrast  to  the  action  of  3alt  in  conjunction  with  hydrochloric 
acid  and  ammonium  hydroxide.  For  HCl  mixes,  the  Inclusion  of 
2  percent  salt  decreased  force  and  area  values  and  increased  ex- 
tensibility values.  The  inclusion  of  2  percent  HaCl  in  NH,OH 

4 

mixes  resulted  generally  in  decreased  force,  extensibility,  and 
area  values.  Thus,  the  actions  of  the  same  concentration  of 
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hydrochloric  acid,  acetic  acid,  and  aamonium  hydroxide  upon 
extensotxam  characteristics  aro  each  different  when  uaed  in 
conjunction  with  aalt.  This  leads  to  the  belief  that  specific 
chemical  reactions  occur  with  tho  various  reagento  rather  than 
puroly  physical  or  colloidal  offeota,  or  differences  due  to 
eneymatic  causes* 

All  extensograas  Increased  with  storage  when  ammonium 
hydroxide  was  used  in  tha  flours  of  the  storage  study  either 
with  or  without  8  percent  salt,  as  recorded  in  Table  27.  This 
means  that  arsnonium  hydroxide  is  a  dough  developer* 

Tho  increase  in  extensograms  with  storage  was  larger  when 
only  the  ammonium  hydroxide  was  used.   In  other  words,  ammonium 
hydroxide  and  increased  salt  caused  all  extensogram  values  to 
decrease,  as  recorded  in  summary  Table  42.  Although  both  salt 
and  ammonium  hydroxide  aro  dough  developers,  their  ocmblned 
action  is  not  cumulative,  but,  rather,  in  combination,  their 
individual  effect  is  retarded. 

All  farinogram  and  extensogram  values  of  doughs  of  untreated 
flour  stored  under  an  atmosphore  of  hy irogen  sulfide  drastically 
decreased,  as  recorded  in  Table  42.  This  means  that  HgS  acted 
as  a  reducing  agent  causing  a  rupture  of  certain  linkages  in  the 
macro  molecules  of  tho  protein.   This  was  also  demonstrated  by 
the  dough  handling  characteristics,  the  doughs  beln^  excessively 
wet,  limp,  and  sticky. 

Agenlsatlon  prior  to  storage  inhibited  tho  action  of 
hydrogen  sulfide  since  all  farlnogran  and  extensogram  values  of 
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dough  or  tho  agonized  flour  increased  markedly  over  those  of 
the  untreatod  flour.   It  is  believed  that  nitrogen  trichloride 
enterod  into  chemical  combination  with  the  linkages  in  the 
protein  susceptible  to  reduction  and,  thus,  prevented  reduction 
by  the  hydrogen  sulfide. 

Oxygen  in  the  mixing  atmosphere  Increased  farinojram  heights 
and  widths,  but,  even  so,  the  H/V  relationship  decreased  slight- 
ly. With  oxygen  in  the  mixing  atmosphere,  extensofram  force 
values  increased,  extensibility  values  decreased,  and  area 
values  Increased  as  illustrated  by  Figs.  1-4  and  9-12  of  Plate 
V.  These  results  were  the  same  as  found  in  the  stora,;e  study 
and  in  the  potassium  broraate  study;  thus  showing  that  oxygen  in 
the  mixing  atmosphere  is  a  dominant  variable  and  its  effect  is 
felt  in  numerous  instances  having  varied  conditions  in  treat- 
ment of  flour  and  dough.   It  cannot  be  over  emphasised  that  the 
mixing  atmosphere  in  studies  Involving  the  farinograph  and  ex- 
tensograph  must  be  taken  into  consideration  bofore  data  can  be 
correctly  and  properly  Interpreted. 

t.ensograai  slope  reversals  were  found  in  curves  of  doughs 
treated  with  hydrogen  sulfide  regardless  of  agenliaticn  prior 
to  storage  under  hydrogen  sulfide  or  oxygen  In  the  mixing  at- 
mosphere, but  agenization  did  decrease  drastioally  the  degree 
of  slope  reversal.  Oxygen  in  the  mixing  atmosphere  of  first 
duplicate-first  atretch  doughs  slightly  reduced  extensogram 
peak  reversals,  but  this  action  was  progressively  and  increas- 
ingly lost  with  tho  remaining  duplicate-stretch  combinations. 
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The  effeot  of  agenlzatlon,  when  considering  both  the 
untreated  and  agonised  flours  stored  under  hydrogen  sulfide 
and  receiving  subsequent  treatment  with  2  percent  salt  and 
equal  concentrations  of  HOI  and  mixed  in  the  Hobart- Swans on 
mixer,  was  to  increase  all  extensc^ram  characteristics.  Re- 
ults  were  similar  when  the  mixing  was  done  with  the  farlno- 
graph.  Thus  nitrogen  trichloride  is  a  dough  developer. 

The  inclusion  of  salt  in  HCl  treated  doughs  made  up  from 
agenized  flour  Increased  all  extensogram  values;  yet,  these 
same  doughs  where  NH^OH  was  substituted  for  HCl,  resulted  In 
decreases  in  extensograra  force  and  area  values,  and  only  ex- 
tensibility values  increased.   Ammonium  hydroxide  thus  acted 
as  an  inhibitor  on  the  action  of  salt  as  a  dough  developer  to 
counteract  the  changes  due  to  the  reduction  by  hydrogen  sul- 
fide. By  the  same  token,  hydrochloric  acid  supplemented  the 
dough  developing  properties  of  salt  in  this  Instance. 

In  comparing  the  relative  effects  of  equal  concentrations 
of  hydrochloric  acid,  acetic  aoid,  and  ammonium  hydroxide  on 
extensograms  of  doughs  of  agenized  flour  treated  with  2  percent 
sodium  chloride,  it  was  found  that  the  order  of  magnitude  for 
force,  extensibility,  and  area  values  In  increasing  order  is 
acetic  aoid,  ammonium  hydroxide,  and  hydrochloric  acid,  as  il- 
lustrated by  Pigs.  17-28  of  Plate  V. 

Extensograra  slope  reversals  were  found  In  both  untreated 
and  agenized  flours  having  no  salt  and  equal  concentrations  of 
hydrochloric  acid.  As  in  the  study  when  the  mixing  was  done 
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with  tho  fainograph,  agenlzation  also  decreased  the  degree  of 
slop©  reversal  in  this  study  when  mlxin;;  was  done  with  the 
Hobart-  wans on  mixer. 

Optimum  absorption  and  mixing  time  were  found  to  increase 
with  the  age  of  the  flour.  This  means  that  if  the  protein  is 
responsible  for  this  increased  water  imbibition  then  the  number 
of  acoesslble  hydrogen  bonds  in  the  protein  molecules  must  in- 
crease with  age.  It  la  bolieved  that  starch  imbibition  also 
increases  as  flour  ages. 

Sub-optimum  absorption  increased  all  farinogram  values, 
increased  extensogram  forco  and  area  values,  and  decreased 
extensocram  extenslbility-under-the-curve  (E)  values,  as  re- 
corded in  summary  Table  42.   since  sub-optimum  absorption 
greatly  decreased  E^  values  and  tremendously  Increased  Eg 
values,  there  were  consequent  and  extensive  slope  reversals 
with  sub-optimum  absorption. 

Kith  sub-optimum  absorption,  extensogram  F,  E,  and  A 
values  increased  with  increase  in  storage  temperature  (flour 
stored  at  80°  F.  compared  with  flour  stored  at  50-60°  ?.). 
Although  E^  values  Increased  slightly,  a  greater  increase  In 
Eg  values  resulted  in  extensogram  slope  reversals  becoming 
more  pronounced  with  doughs  whose  flour  had  been  stored  at  the 
higher  temperature.   It  io  believed  from  analyses  of  the  above 
data  that  a  method  oan  be  devised  to  reveal  tho  temperature 
treatments  which  have  besn  applied  to  an  unknown  flour  through 
extensograms  of  doughs  having  sub-optimum  absorption. 
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With  oxygen  In  the  storage  atmosphere,  the  dough  became 
less  etlff  for  oxygen  mixes  and  more  adhesive  with  nitrogen 
mixes.  Tho  dough  cylinder  became  allghtly  shcrtor  with  nitro- 
gen mixes,  and  the  shape  of  the  dough  aftor  molding  became 
cylindrical  Instead  of  remaining  concave  with  oxygen  mixes. 

With  flour  stored  at  a  hirher  temperature  (80°  P.  instead 
of  60-60°  P.)  the  dough  became  allghtly  wetter  In  all  three  mlx- 

atmoapheres,  allghtly  more  limp  for  oxygen  and  nitrogen 
mixes»  and  slightly  more  cohesive  for  oxygen  mixes.  Tho  length 
of  the  dough  oyllnder  increased  for  all  three  mixing  atmospheres 
with  the  higher  temperature,  and  the  dough  changed  in  shape 
after  molding  from  concave  to  cylindrical  with  oxygen  and  air 
as  mixing  atmospheres* 

Increased  salt  made  tho  dough  appear  wetter  and  stiffer. 
Coheslveness  increased  throughout  tho  range  of  salt  increase 
for  nitrogen  mixed  doughs*  but  with  air  and  oxygen-mixed  doughs 
coheaivena33  increased  xlth  salt  until  a  reversal  in  the  trend 
of  physical  properties  was  reached  after  whioh  further  increase 
in  salt  concentration  caused  the  doughs  to  become  adhesive 
again.  Salt  had  no  effect  on  dough  color.  The  surface  of  tho 
dough  ball  became  smoother,  tho  length  of  the  dough  cylinder 
became  less,  the  molded  dough  became  convex  with  increased  salt 
until  a  reversal  In  tho  trends  of  the  physical  properties  were 
reached  after  which  further  increase  in  salt  concentration 
caused  the  surface  of  the  dough  ball  to  beoome  rougher,  the 
length  of  the  dough  cylinder  to  become  longer,  and  the  molded 
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dough  to  again  resurao  a  concave  shape. 

Rith  Increased  bromate  doughs  became  wetter,  less  limp, 
more  coheslvo,  smoother,  shorter  In  length,  more  concave,  and 
whiter  In  color. 

increased  oxygen  In  the  mixing  atmosphere  caused  doughs 
to  become  longer  and  slightly  more  concave, 

Stora.e  of  an  untreated  flour  under  hydrogen  sulfide  made 
the  dough  very  wet,  runny,  and  adhesive.   It  changed  the  color 
of  the  dough  from  a  creamy  to  a  white  color,  pitted  the  surface 
of  the  dough  ball,  and  made  tho  molded  dough  very  long  and  con- 
cave. Agonizatlon  of  tho  flour  prior  to  storage  under  hydrogen 
sulfide  Improved  the  dough  handling  characteristics. 
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Table  A. 

Farinogram  height  (Bi 
In  centimeters) ,   and 

in  Brabendor 
h/b  values  o 

units),  width  (ff 
f  stored  flour. 

i 

Storage : 
(days)  : 

Mlxin 

Z   atmosphere 

: 

IB3I 

11 

Sy<  in 
i  W   t 

J 

J  H 

Air 
J  W 

s  h/w  s 

tfitrc-Eoh 
H  s  v:  » 

H/.: 

Stock  flour  on 
stored 

Jay  of  milling  from  which 
flours  were  made 

0 

53; 

550* 

1.80 
1.85 
1.70 

297 
236 
324 

500 

500* 

505 

1.70 
1.75 
1.75 

H  | 

286 
289 

450  1.70 
490*  1.60 
455  1.70 

271 
306 

308 

"A"  flour 

7 

540 
545 
535 

1.75 

l.ao 

1.85 

309 
303 
289 

500 
505 

1.80 
1.60 

278 
516 

480  1.65 
475  1.70 

291 

295 

14 

550 
545 

1.70 
1.90 

324 
M7 

500 
505 
495 

1.70 
1.70 
1.60 

294 
297 
309 

490  1.60 
500  1.65 

306 
303 

303 

28 

560 
565 

1.75 

1.85 

320 

305 

515 
520 

1.65 
1.75 

312 

297 

505  1.65 
515*  1.60 

306 
322 

312 

54 

575 
570 

1.75 
1.85 

329 
300 

550 
550 
580 

1.60 
1.65 
1.75 

344 
333 
351 

525  1.55 
530  1.60 

339 
331 

331 

7G 

Hi 

5G0 

1.75 
1.00 

317 
311 

520 
550 

1.60 
1.65 

325 

333 

520  1.60 
515  1.55 

325 
332 

324 

101 

565 

595* 

560 

1.75 
1.90 
1.75 

323 
313 
320 

550 

575* 

550 

1.55 
1.70 
1.65 

355 
338 
333 

520  1.55 
560*  1.70 
530  1.56 

335 
329 
342 

332 

124 

565 
565 

1.65 
1.75 

342 
323 

555 
5C0 

1.50 

1.60 

370 
350 

515  1.50 
510  1.56 

343 
329 

343 

151 

570 
570» 

1.70 
1.65 

335 
345 

550 
545* 

1.55 
1.55 

355 
352 

515  1.60 
510*  1.50 

322 

340 

342 

175 

580 
575 

1.70 
1.75 

341 
329 

545 
540 

1.50 
1.50 

363 
338 

510  1.55 
515  1.56 

329 
329 

338 

206 

585 
5<0 

1.75 
1.65 

334 
352 

550 

1.60 
1.65 

347 
333 

525  1.55 
625  1.50 

339 

350 

343 

842 

Table  A« 

(cent. ) 

Storage : 
(dayB)  : 

.  ..:r  . 

al  ■ 

I  CV<; 

:Kean 
:I0J 

1 

Oxygon 

•{/.  : 

K 

Air 
j 

-.   ::/.  : 

H 

'■'  tlHj/t 

236 

595 

5S0 

1.70 
1.70 

350 
347 

560 
560 

l.CC 
1.65 

350 
339 

540 

535 

■ 

1.60 

348 
334 

345 

268 

600 
520* 

1.75 
1. 

343 

353 

565 
565 

1.60 

1.70 

353 
332 

546 

555 

1.50 
1.60 

363 
347 

350 

300 

610 
610 

1.75 
1.65 

Mg 

570 

575 
575 

1.C5 
1.70 

348 
338 

550 
550 

1.70 
1.60 

324 
344 

346 

332 

630 
620 

1.70 

371 

376 

590 

60C 

1.65 
1.70 

358 
353 

555 
560 

1.65 

1.65 

336 
339 

356 

364 

625 

1.70 

36E 

595 

1.65 

Ml 

560 

1.65 

330 

356 

"B"  flour 

8 

535 
MM 

1.80 

1.0C 

297 
274 

500 
505 

1.65 
1.75 

303 

289 

470 

475 

1.65 
1. 

285 
Ml 

285 

15 

540 
540 

1.75 
1.80 

309 
300 

500 
500 
505 

1.75 
1.65 
1.70 

206 
303 
297 

480 
485 

1.65 
1.70 

291 
285 

294 

26 

1 :  i 

545 

i.r.5 

1.70 

330 
321 

525 
525 

1.75 
1.65 

300 
318 

510 
505 

1.60 
1.70 

319 
297 

516 

67 

5C0 
555 

1.60 
1.70 

350 
32G 

540 
530 

1.60 

i.es 

338 
321 

525 
520 

1.60 

328 

315 

330 

M 

570 
570 

1.60 
1.65 

356 
M8 

050 
555 
540 

l.CS 
1.65 
1.55 

355 
336 
348 

535 
535 

1.55 
1.65 

345 
324 

344 

11C 

570 
545 

1.65 
1.56 

345 

352 

550 
525 

1.60 
1.50 

344 

350 

535 
515 

1.60 
1.5C 

334 
343 

345 

145 

570 
570« 

1.50 

1.65 

330 
345 

546 

1.55 

352 

540 

1.50 

360 

369 

168 

570 
550 

1.70 
1.50 

335 

367 

545 
540 
560 

1.60 
1.50 
1.55 

340 

360 
355 

540 
510 
555 

1.50 
1.45 

1.50 

560 
352 
357 

306 

202 

575 
575 

1.55 
1.60 

371 
359 

550 
550 

1.50 
1.55 

367 

355 

545 
545 

1.50 
1.45 

363 
376 

365 
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Table  A. 

(cont. ) 

tHean 

:  ■■/.. 

Storace: 
(days)  : 

H 

>  W 

;./. 

: 

1   H 

Air 

: 

H 

Xltro 
:     : 

-on 

233 

575 
580 

545 

1.55 
1.65 
1.50 

371 
352 
363 

1.55 

888 

550 

1.50 

367 

362 

263 

sao 

575 

1.65 

374 
340 

SGO 

1.55 

361 

550 

1.45 

379 

366 

295 

575 

1.65 
1*88 

352 
371 

565 
570 

1.55 

365 
300 

550 
555 

1.40 
1.50 

393 
370 

372 

331 

580 
585 

1*68 

1.60 

374 
366 

565 
575 

1.60 
1.50 

353 
383 

540 
550 

1.45 
1.45 

372 

379 

371 

365 

580 

1.60 
1*50 

363 
390 

565 
570 

1.50 

1.55 

377 
360 

550 
550 

1.40 
1.50 

393 

367 

376 

"02"  flour, 

atorane  atmosphere 

not 

changed 

31 

565 

560 

1.00 

l.ao 

308 
311 

535 
530 

1.70 
1.75 

315 

303 

510 
506 

1.65 
1.70 

309 

297 

307 

«S 

S75» 
630 

U80 

1.75 
1.70 

319 
360 
374 

555 
540* 

CGO 

1.75 
1.70 
1.75 

317 
318 
320 

525 
530 

1.70 
1.70 

309 
312 

329 

7a 

570 
570 

1.00 

326 
317 

545 
540 

1.75 
1.70 

311 
318 

525 
530 

1.60 
1.75 

328 
303 

317 

102 

570 
575 

1.75 
1.70 

326 

8M 

545 

540 

1.65 
1.75 

330 
309 

520 
520 

1.65 
1.70 

315 
306 

321 

125 

570 
565 

1.70 
l»   1 

335 
314 

545 
550 

1.70 
1.70 

321 
324 

515 
520 

1.60 
1.60 

322 
325 

324 

148 

565 
570 

l.ao 

1.70 

314 
335 

535 
540 

1.60 
1.75 

334 

309 

510 
520 

1.65 
1.65 

329 

315 

323 

176 

560 
565 

I.  ( 
1.70 

311 
332 

525 
530 

1.55 
1.75 

339 
303 

500 
505 

1.50 
1.70 

333 
297 

319 

204 

565 
570 
565 

1.65 
1.00 
1.75 

342 

317 
323 

535 
540 

1.60 
1.70 

334 
318 

505 
510 

1.G5 
1.55 

306 
329 

324 

235 

570 
570 

1.60 
l.SO 

356 
317 

540 
535 

1.70 
1.55 

318 
345 

510 
500 

1.50 
1.75 

340 
286 

327 

M4 

Table  A. 

(oont. ) 

Dtorace : 
(days)  : 

.'°:Tj7 

c:   ; 

.  a 

:Kean 

g 

tf  | 

B 

Air 

v./:.  ; 

:: 

ffi'Hsrogtn 

t    V    :  a/* 

206 

570 

1.70 

33S 

540 

1.C0 

■M 

510 

1.55 

320 

334 

292 

570 

585 

1.75 
1.C0 

sec 

3G6 

450 
540 

1.C5 

338 
327 

510 

530 

1.50 

309 
353 

337 

325 

565 
570 

1.65 
1.65 

342 
345 

540 
545 

1.60 
1.68 

330 
330 

515 
510 

1.50 
1.G0 

343 

319 

336 

358 

5S0 
570 

1.60 
1.G0 

363 
356 

540 
545 

l.oC 
1.50 

338 

363 

520 
515 
520 

1.55 
1.45 
1.40 

3C5 
355 
371 

354 

"Kg"  flour, 

storage  atmosphere 

not 

changed 

30 

570 
505 

1.65 
1.75 

345 
323 

530 
545 

1.50 
1.70 

353 

321 

515 
505 

1.60 

1.50 

322 

337 

333 

50 

590 
575* 

1.65 
1.60 

350 
359 

580 
575 
560 

1.45 
1.55 
1.55 

400 
371 

3G1 

555 
550 

1.40 
1.55 

336 
355 

371 

87 

595 
590 

1.35 

361 
358 

565 
575 

1.60 
1.60 

353 
359 

545 
545 

1.55 
1.55 

352 
352 

356 

115 

580 
590 

1.55 
1.70 

374 
347 

560 
570 

1.50 
1.70 

373 
335 

555 
540 

1.50 
1.5C 

370 
340 

358 

140 

590 
590 

1.60 
1.70 

369 
347 

560 
555 

1.55 
1.60 

361 
347 

540 
535 

1.55 
1.50 

348 
357 

355 

166 

585 

590 

1.65 
1.65 

355 
358 

555 
530 

1.50 
1.65 

370 
339 

530 

535 

1.50 
1.50 

353 
357 

355 

203 

5J0 
585 

1.65 
1.60 

350 
366 

560 
560 

1.55 
1.55 

361 
361 

530 
540 

1.45 
1.50 

366 

360 

362 

234 

585 
590 

1.60 
1.80 

366 

323 

560 
565 

1.50 
1.G0 

373 
353 

545 
545 

1.65 
1.40 

330 
389 

357 

262 

590 
595 

1.75 
1.55 

337 
384 

560 
555* 

1.55 
1.70 

361 
326 

545 
545* 

1.50 
1.55 

363 
352 

354 

291 

590 
600 

1.60 
1.70 

369 
353 

550 
560 

1.G5 
1.55 

333 
3G1 

540 
545 

1.50 
1.70 

360 
321 

350 

320 

600 
590 

1.55 
1.70 

387 
347 

555 
560 

1.55 
1.60 

358 
350 

545 
545 

1.60 
1.45 

341 
376 

360 

245 

Table  A. 

(oonol.) 

: 
S  borage : 

;:i5ttnj  atno 

■  Eire 

!"can 

rtxyrori 

:       Air 

Wltrort 

(days)  : 

i: 

:  |  :  ::/\: 

8  II  :  1 

:  -/.-  ; 

;. 

: 

t 

;  /' 

351 

595 

1.60   372 

565  1.50 

377 

550 

1.50 

367 

590 

407 

560  1.60 

350 

545 

1.50 

363 

373 

H0g"  flour,  storage 

atmosphere 

ohancod 

238 

580 

1.60   363 

550  1.55 

355 

525 

1.55 

339 

575 

1.65   348 

560  l.GO 

350 

520 

1.S0 

325 

595 

1.70   350 

640*  1.45 

372 

535 

1.65 

324 

347 

325 

585 

1.60   366 

550  1.55 

355 

550 

1.50 

353 

585 

1.60   366 

555  1.60 

370 

540 
525 

1.55 
1.45 

348 
362 

360 

358 

590 

1.60   369 

550  1.65 

333 

530 

1.55 

342 

610 

1.70   359 

545  1.60 

341 

530 

1.55 

34fi 

349 

585 

1.65   355 

"Mg"  flour,  storage  i 

i  tine  sphere  changed 

288 

600 

1.C5   334 

565  1.60 

353 

550 

1.50 

367 

595 

1.75   340 

560  1.65 

339 

560 

1.60 

350 

352 

320 

595 

1.55   384 

565  1.55 

365 

555 

1.50 

370 

500 

l.CO   375 

570  1.50 

380 

555 

1.50 

370 

374 

351 

1.60   37;; 

575  1.65 

348 

560 

1..  . 

386 

600 

1.55   587 

575  1.45 

397 

555 

1.50 

370 

378 
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Studies  on  changes  In  tho  physical  properties  of  doughs  were 
carried  out  with  the  farlnograph  and  extensograph  to  determine 
the  effects  of  storage  tlmo,  storage  atmosphere,  storage  tempora- 
ture,  different  mixing  atmospheres,  sodium  chloride,  potassium 
bromate,  ball  milling,  different  dough  mixers,  hydrochloric  acid, 
acetic  acid,  ammonium  hydroxide,  sto.-*ge  under  hydrogen  sulfide, 
treatment  with  nitrogen  trichloride,  and  sub-optimum  absorption 
on  flour  were  made.  In  addition  sedimentation  and  photometric 
protein  studies  ware  made  on  ball  milled  flour  and  four  stored 
at  different  temperatures  and  under  different  atmospheres. 

The  following  results  wero  obtained: 

1.  Farinograms  and  extensogramg  were  Influenced  by  the 
pressure  of  the  gas  used  in  the  mixing  atmosphere. 

2.  increase  In  oxygen  In  the  dough  resting  atmosphere 
effected  extonsograra  changes,  indicating  that  oxygen  is  absorbed 
through  the  dough  surface  and  affects  the  protein  molecular 
structure. 

3.  Farlnograms  and  extensograms  of  doughs  mixed  under 
hydrogen  were  similar  to  those  mixed  under  nitrogen.  Molecular 
hydrogen  is  not  active  as  a  reducing  agent  In  doughs. 

4.  All  extensogram  force  values  Increased,  extensibility 
values  decreased,  and  area  values  increased  with  storage,  oxygen 
In  the  storage  atmosphere,  higher  storage  temperature,  and  oxygen 
in  the  mixing  ataosphore  when  these  variables  were  analyzed  both 
singly  and  In  progressive  combination.  Thay  are  dough  "stlffeners" 
since  they  increased  extensogram  area,  but  they  are  not  dough 


"developers"  slnoo  they  did  not  Increase  extensibility  values. 

5.  Maintenance  of  oxygen  and  nitrogen  at  high  levels  in 
flour  storage  atmospheres  by  periodic  replacement  of  the  gases 
oaused  groator  extensogram  changes  than  in  similar  atmospheres 
whloh  were  not  replaced. 

6.  When  the  effects  of  the  variables,  time,  storage,  tem- 
perature storace  atmosphere  and  mixing  atmosphere  were  compared 
singly  and  In  progressive  combination,  the  two  stretches  occas- 
ionally behaved  differently  as  did  duplicates  of  the  same  stretch. 
This  difference  in  behavior  of  stretches  and  duplicates  of  stretches 
is  defined  as  sequence.  Spread  is  defined  as  the  difference  be- 
tween replicates. 

7.  Oxygen  in  the  storage  atmosphero  decreased  all  farino- 
gram  values  while  oxygen  in  the  mixing  atmosphere  increased  all 
farinogram  values.  • 

8.  Sedimentation  and  photometric  protein  values  increased 
with  storage  time  Indicating  that  gluten  hydration  increases 
with  age. 

9.  Doughs  having  certain  concentrations  of  salt  yield  hori- 
aontal  farlnoErams  and  it  was  found  that  extensograms  of  these 
doughs  have  maximum  elastic  and  plastic  deformation,  and  optimum 
dough  development.   It  may  be  that  Initially  after  milling  each 
flour  has  a  specific  salt  concentration  giving  horizontal  farino- 
grams  and  that  this  concentration  may  change  with  storage,  thus 
serving  as  an  Index  of  flour  maturity. 

10.  Instances  existed  where  increasing  salt  concentration 


yielded  plateaus  in  farinogram  values.  Thn  length  of  the 
plateau  in  terms  of  ranee  of  sodium  chloride  concentration 
may  be  an  index  of  flour  strength. 

11.  Sodium  chloride  was  found  to  bo  a  dough  "developer" 
while  potassium  bromate  was  found  to  be  a  dough  "stiffener". 

IS.  The  combined  effect  of  salt  and  bromate  on  farinograms 
and  extenaograras  was  found  to  be  intimately  connected  with  the 
mixing  atmosphere.  Selection  of  tho  mixing  atmosphere  is  of 
prime  importance  and  if  not  taken  Into  consideration  effects  of 
certain  treatments  may  be  masked  and,  consequently,  could  be 
considered  absent;  orroneou3  conclusions  might  then  bo  drawn 
from  the  data  obtained. 

IS.  Ball  milling  of  flour  caused  all  farinogram  values  to 
Increase  as  well  as  extensogram  force  and  area  values,  but 
extensibility  values  decreased.   Oxygen  in  the  mixing  atmosphere 
increased  all  farinogram  values,   in  the  case  of  ball  milllnr, 
the  changes  are  probably  associated  with  fraoturlng  of  starch 
granules  causing  them  to  bind  water  more  strongly.  The  oxygen 
effect  on  tho  other  hand  probably  Involves  formation  of  addi- 
tional cross  linkages  in  the  protein  structure  thus  conferring 
added  rigidity  to  the  system. 

14.   Ball  mllllnt;  did  not  change  either  sedimentation  or 
photometric  protein  values.  This  is  further  evidence  that  ball 
milling  acts  primarily  upon  staroh,  rupturing  tho  granules  and 
breaking  the  starch  ohalns. 


M^M 


15.  The  nature  of  tho  mixing  by  the  farinograph  and  the 
Hobart-Swanson  mixer  are  similar,  as  revealed  through  extenso- 
grana  of  dougha  mixed  In  both  machines. 

16.  Extensogram  peak  reversals  (curve  slope  reversals) 
were  effected  by  hydrochloric  acid.  It  la  believed  that  each 
flour  shows  a  specific  concentration  of  acid  where  peak  reversals 
will  occur. 

17.  rrora  comparative  studies  of  effects  of  hydrochloric 
acid  and  acetic  acid  on  oxtenaograms,  It  Is  concluded  that 
acetic  acid  denatures  the  gluten  protein  more  severely  than  does 
hydrochloric  acid  and  It  may  possibly  affect  the  starch  to  some 
extent  as  well. 

18.  The  actions  of  the  same  concentration  of  hydrochloric 
acid,  acetic  acid,  and  ammonium  hydroxide  upon  extensogram 
characteristics  are  each  different  when  used  In  conjunction  with 
salt.  This  leads  to  tho  belief  that  specific  chemical  reactions 
occur  with  tho  various  reagents  rather  than  purely  physical  or 
colloidal  effects  or  differences  due  to  enzymatic  causes. 

19.  Ammonium  hydroxide  and  nitrogen  trichloride  wore  found 
to  be  dough  devolopers,  since  thoy  increased  all  extensogram 
values. 

20.  All  farlnogram  and  extensogram  values  of  doughs  stored 
under  hydrogen  sulfide  drastically  decreased.  Hydrogen  sulfide 
acta  as  a  reducing  agent  and  probably  causes  rupture  of  certain 
linkages  In  tho  protein  maoro  molecules.  This  was  also  demon- 
strated by  the  dough  handling  characteristics,  the  doughs  being 


excessively  wot,  limp,  and  sticky. 

21.  Aconlsation  prior  to  storage  Inhibited  the  action  of 
hydros*"  sulfide  since  all  f arlnogram  and  extensogram  values  of 
doughs  of  agenlwd  flour  Increased  markedly  over  thoDe  of  the 
untreated  flour.   It  Is  believed  that  nitrogen  trichloride,  an 
oxidising  agent,  enters  Into  chemical  combination  with  linkages 
in  the  protein  susceptible  to  reduction  and,  thus,  prevents  their 
reduction  by  hydrogen  sulfide. 

22.  Optimum  absorption  and  mixing  time  were  found  to  In- 
crease with  flour  age,  indicating  the  probability  that  points 
for  hydrogen  bonding  in  the  protein  molecules  increase  with  age. 
It  is  believed  that  starch  imbltltlon  also  increases  as  flour 

ages. 

25.  With  sub-optimum  absorption  extensogram  slope  reversals 
became  more  pronounced  with  doughs  whose  flour  had  been  stored 
at  the  higher  temperature.  It  is  believed  that  a  method  can  be 
devised  to  reveal  the  temperature  treatments  which  have  been 
applied  to  an  unknown  flour  by  the  use  of  extensograms  of  doughs 
having  sub-optimum  absorption. 

24.  A  technique  for  accurately  correlating  the  subjective 
appearance  and  properties  of  doughs  with  the  characteristics  as 
determined  by  means  of  the  farlnograph  and  extensograph  was 
developed. 


■ 


